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TWENTIETH ANNUAL REPORT

TO THE EIGHT HONOUEABLE

LORD BALFOUR of BURLEIGH,
His Majesty's Secretaryfw Scotland.

Office of The Fishery Board

FOR vScOTLAND,

Edinburgh, 7th August. 1902.

My Lord,

In continuatiou of our Twentieth Annual Eeport, we
have the honour to submit

—

PART III.—SCIENTIFIC INVESTIGATIONS.

GENEEAL STATEMENT.

This part of the Twentieth Annual Eeport contains an account

of the principal scientific investigations conducted by the Board in

1901, in connection with the sea fisheries of Scotland, so far as

they have been completed. In the course of the year the researches

on the life-history and habits of the food-fishes were prosecuted on
the same general lines as in previous years, partly at the Marine
Laboratory, Bay of Nigg, Alierdeen, partly by means of the Garland,

the small steam-yacht which was provided for the trawling

experiments, and partly by the utilisation of steam-trawlers fishing

from the port of Aberdeen.

As explained in previous Eeports, the small size of the Garland

has hampered and curtailed the investigations, not only on the

fishing grounds offshore, from which the greater part of the fish

supply is drawn, but also in the Moray Firth and territorial waters.

This disadvantage has been met, as far as circumstances permitted,

by making use of steam-trawlers on various occasions throughout
the year. Scientific work on board vessels engaged in commercial
fishing can, however, be conducted only under great disadvantages,

and with results much less complete than when done by an efficient

vessel properly equipped for the purpose. When the British part

of the international scientific investigation of the North Sea has

been begun, it will be possible to carry on the w^ork referred to in

a thorough and satisfactory manner.
The hatching operations at the Sea Fish Hatchery, Bay of Nigg,

were continued as in previous years, 65,377,000 fertilised eggs of

the plaice being collected from the spawning pond, and 51,800,000
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fry produced. In this connection it may be stated that the

Government of New South Wales has decided to erect a similar

Marine Hatchery for Colonial and European fishes at Port Hacking,
near Sydney, and that, with the co-operation of the Department,
the experiment of introducing European food-fishes and Crustacea

to the waters of the Colony is now being made, the first shipment
of living plaice, soles, turbot, brill, lobsters, and crabs having been

despatched under suitable arrangements.

As stated in last year's Eeport, the Technical Education Com-
mittee of the County Council of Aberdeen made a grant of £200
to assist in providing tanks at the Marine Laboratory on condition

that facilities were granted for the instruction of fishermen from
the county. The first series of demonstrations to selected fishermen

from various parts of the coast has now been given, and it is

satisfactory to state that the fishermen showed an intelligent

interest in the instruction they received.

The Influence of Trawling.

The results of the trawling experiments of the Garland, together

with the various Tables embodying the observations in detail, and
the statistics of line-fishing in the Moray Firth, are given in a

separate Report (p. 17). The experiments were made mostly in

the Firth of Clyde and Firth of Forth. The work was considerably

interrupted by stormy weather and the necessity of taking the

vessel into harbour for repairs.

The hauls made in the Moray Firth were too few to enable

a comparison of the results to be made with those in previous

years, but the statistics showing the catches by line-fishermen

within the Moray Firth indicate a considerable fall in the gross

quantity of fish caught, and a slight decrease in the average catch

per shot of the line. The quantity is the lowest since these

statistics began to be collected in 1894, as one might expect from
the gradual decadence of line-fishing on the Scottish coast generally,

which is referred to in Part I. cf the Annual Pteport (p. xxi.).

The quantities and the average catch per shot are given in the

following Table for each of the seven districts during the last six

years :

—

District.
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These figures show how great has been the progressive dechne in

recent years in the quantities of fish taken by hne within the

closed waters of the Moray Firth, notwithstanding the benefits

accruing from the closure. The (juantity landed last year was the

lowest throughout the i)eriod of eight years during which these

statistics have been collected, and 19,392 cwts. less than in 1900.

In three of the districts—namely, T.ybster, Helmsdale, and
Banff—all the line-caught fish landed were caught within the

closed waters. In the other cases a varying proportion of the line

fish landed was derived from other areas.

The decrease in the quantity was shared by each of the seven

districts except one—viz., Wick—where there was a slight increase

in the total. The greatest decline in quantity was exhibited in

the three districts on the south coast—Banff, Buckie, and Findhorn.

With respect to the various kinds of fish taken by line within

the closed area, the quantities and averages for last year and the

preceding four years are as follow :

—

FISH.



10 Part III.— Tirentieth Annual Report

The statistics dealing with the number of " shots " of the line-

fishing boats in the Moray Firth, or the number of trips to the

fishing grounds, show that the decrease noted last year has con-

tinued. The number of shots both of the larofe and of the small

boats diminished in 1901 compared with 1900, the decrease being

marked in the large or great-line boats. The figures for the past

eight years are as follows :

—
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1

These figures indicate that the average abundance of all kinds of

fish, taken together, in the closed waters, in the months named,

was much the same in the period 1886-1890, as in 1900-1901,

while there was an increase in the second period. The average for

fiat-fishes is greater in each successive period, and greater in each

month of the successive periods, with the exception of September
in the last. There is not the same uniformity in the average catch

of round fishes, a circumstance due for the most part to the great

fluctuations in the numbers of haddocks captured.

The statistics relating to the flat-fishes show a general uniformity

in the variations, indicating a relative falling off in the abundance
of plaice within the closed waters, and an increase in the number
of dabs. The average number of plaice caught per haul of the net

in the corresponding months of the three periods was 56*4 for the

first period, 51 '8 for the second, and 46-3 for the third. The per-

centage proportions of plaice among the total flat-fishes in the

three periods were respectively 42*4, 34"3, and 29"5. Both the

averages and the percentages therefore show a progressive decline

in the abundance of plaice within the closed waters. The averages

and percentages of lemon soles are less uniform. The average in

the first period was 22, in the second period 19, and in the third

20 ; showing therefore a decrease from the first to the second, and
a slight increase from the second to the third. The respective

percentages were 16'5, 12-6, and 12"7.

The corresponding figures referring to common dabs show an

increase from one period to another, but the increase from the

second to the third period is comparatively slight. The respective

averages for the three periods are 36"5, 52-3, and 53"8, and the per-

centages 27 0, 34-6, and 34-3. The averages and percentages of

long rough dabs show a progressive increase from one period to

another. In the first period the average number per haul of the

net was 16"2, in the second period it was 25"2, and in the third

period 33-5
: the corresponding percentages being 12'2. 16-7, and

21-3

The total number of other flat-fishes taken was too small to

make their averages of any value, viz., 174 witches, 13 turbot, 8

brill, and 283 flounders ; the averages for the witches in the three

periods were O'O, 0-9, and 15, and for the flounders 0-8, TO and 1-0.

The renewed investigation concerning the change in abundance
of the various species within the closed waters confirms the con-

clusions reached in 1896 on this subject. It was then stated that
" it appears to be fairly well proved that there^ has been a diminu-

tion of the more important flat-fishes in the closed waters, instead

of an increase, as was anticipated," and that, on the other hand, the

numbers of common dabs and long rough dabs had increased, and
had to a certain extent taken the place of the more valuable kinds.

The above figures, while they show these changes between the first

and the second periods, also indicate that a balance has not yet

been obtained, but that the decrease in plaice and the increase in

long rough dabs still appear to continue within the closed waters.

The increase in common dabs, as indicated by the recent hauls, is

less marked, while lemon soles appear to have rather increased ;

and it may be that in the case of these species a balance has been,

or is beincr established.
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With regard to round fishes the averages do not allow any
certain conclusion to be drawn. The abundance of these fishes, as

tested by experimental fishing, while subject to the same vicissi-

tudes as the flat-fishes, is subject to others in addition, due to their

shoaling habits and more erratic movements. The diminution of

haddocks, for example, from an average of 74'3 and a percentage of

62*0 in the period 1890-95, to an average of 3*9 and a percentage

of 5"3 in the hauls in 1900-1, is obviously unassociated with the

closure. The only round fish which shows a progressive increase

in both the average and the percentage from one period to another

is the gurnard, which spawns very largely indeed in the Firth of

Forth, and enters it in summer for that purpose ; but there is no

satisfactory evidence that the closure has increased the number of

round fishes generally within the closed area.

Experience shows that the satisi'actory determination of the

question in regard to round fishes would require more ample means
of investigation than were available, because the separation of the

fluctuations due to natural causes from any variation that might
arise from the closure of the waters to trawling, is, for the reasons

above stated, much more difficult than in the case of flat-fishes.

Not only did the small size of the " Garland," and its comparative

unseaworthiness, interfere with the completeness of the observa-

tions, but the small trawl used has proved a most inefficient

instrument for the work, compared with the trawls used by ordinary

trawlers. This inefficiency of the " Garland " in these respects has

been pointed out in each of the Annual Keports since 1889.

North Sea Investigations.

In connection with the question of the impoverishment of the

fishing grounds in the North Sea and the relative abundance
of the food-fishes in the Moray Firth and territorial waters, an
enquiry has been made by means of steam-trawlers fishing from
the port of Aberdeen, the results of which are embodied in a paper

in the present Report by Dr T. Wemyss Fulton, the Scientific

Superintendent. Part of the investigation consisted in the

employment of trawlers, as a rule once a month, for the most part

in the Moray Firth, Aberdeen Bay and neighbourhood, and
occasionally offshore, the results of 155 hauls of the otter-trawJ

being recorded. A number of experiments were also made with

special nets and large collections of young fishes obtained.

In addition to the investigations referred to, detailed statistics

were obtained regarding the fish landed at Aberdeen by a con-

siderable number of trawlers. One series shows the quantities of

the various kinds of fish landed on each trip, or voyage, by six

steam-trawlers over a period of years ; in two instances the period

comprises sixteen years, from 1885 to 1900 inclusive, and in the

other four cases it comprises ten years, from 1890 to 1900. The
quantities of fish landed in each month and year by these vessels,

and the number of voyages, are given in a series of Tables appended.

It is shown that in recent years, especially since the use of the

otter-trawl instead of the beam-trawl, the aggregate catch has in

nearly all cases been increased. In the four years 1891-94, the

four steam-trawlers referred to landed 72,409 cwts. of fish, while in

the four years 1897-1900 they landed 86,837 cwts., or 14,428 cwts.
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more. Tlie increase was entirely in round fishes, the quantity of

flat-fishes landed having diminished. The reduction in plaice and

lemon soles was especially great ; but, on the other hand, witclies

and megrims were landed in increased quantities, indicating that

the fishing had been carried on on very different grounds in the

earlier and later years, and that without information as to the

places where the fish were caught, such statistics are of little value

in connection with the question of the impoverishment of fishing

grounds.

The second series of Statistics were designed to remedy this

defect, the places where the fish were caught being recorded as well

as the quantities and the duration of the fishing operations. It is

shown that the area of trawling has been greatly extended since

1891, and that new grounds, comprising in the North Sea the

region lietween the fifty-fathom and the one hundred-fathom line,

or about 30,000 square miles, have been opened up by the intro-

duction of the otter-trawl. Most of the fish landed by trawlers in

the corresponding period in 1901 were obtained from these new
grounds, a circumstance which to a large extent accounts for the

diminution of the quantity of plaice landed in recent years. Charts

and Tables are appended showing the areas in which the fish were^

caught by the trawlers about which particulars were obtained in

the first three months of 1891 and 1901, and during the whole of

1901.

The Hatching and Rearing of Food Fishes.

During the hatching season last year operations were confined

to the plaice, of which, as already mentioned, 65,377,000 fertilised

eggs were collected, and 51,800,000 plaice fry were obtained. In

October the stock of lireeding fishes in the pond numbered 625,

and it was found that most of the females had well-developed eggs,

showing that their condition in confinement from the previous

season had been satisfactory. In December this stock was supple-

mented by other 581 fishes, obtained from trawlers, of which a

number, as usual, subsequently died. On 8th January, when all

the fishes were examined, there were 1071 in the pond, and of the

females 560 were considered as likely to spawn normally, the other

240 females being uncertain and mostly immature. The first

fertilised eggs were collected on 12th January, although spawning
did not become general until more than a week later ; it continued

to increase for about a month and a half, and was maintained at a

high level for other five weeks, most eggs being obtained between
the end of the first week and the end of the third week in April.

The last eggs were collected on 2nd May. Owing to cold weather
with frost and snow in January and February, the temperature of

the water was much reduced, and spawning on one or two occasions

was interrupted.

The conditions for the hatching of so large a number of eggs

were satisfactory, the salinity of the water falling below 1027 only

on fourteen out of 110 days, and the filtration caused little trouble.

Observations on the Food of Fishes.

The observations contained in this paper by Mr. T. Scott refer

chiefly to the food of small and immature fishes, but the food of

several of the larger species is also described. The number of
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fishes specially dealt with is over 2000, and represents 56 different

kinds, belonging to 37 genera. In the examination of these fishes

special care was taken that it should be as exhaustive as possible,

and the general results brought out tend to show that the food of

small and immature fishes of all kinds consists largely of minute
and young Crustacea, and that though young shell- fishes and other

invertebrates are also sometimes met with in the stomachs

examined, they are usually much less frequently observed, and
therefore, as a food supply for small fishes, they are not so

important. It is also shown that minute Crustacea form the chief

constituent in the food of the young of many species, which when
adult live mostly on other organisms.

In the preliminary part of the paper reference is made to the

difficulty sometimes experienced in identifying the contents of

fishes' stomachs, especially if these should consist of the remains of

soft-bodied animals ; and in connection with this it is pointed out

that where the contents consist of fish remains, the earstones, if

present, from their peculiar form or structure may sometimes
be of use in assisting to identify the species to which the remains

belong.

The Cod, Saithe, and Lythe.

The paper contributed to the Report by Dr. Williamson covers

an investigation into the structure of these three species of the cod

family, and is part of a research on the specific differences of the

members of the group.

A revision of the species of this family is much to be desired

;

and as a basis for a stable classification, and for the fixing or

elimination of certain doubtful species, the work detailed in the

present Eeport was taken up. Three forms, viz., the cod, saithe,

and lythe, are treated very fully. They are compared with one
another as to their external characters, and also as to the shape of

the bones which go to form the skeleton of the head.

The various external characters which distinguish the species

from one another are very fully described, a series of measurements
being given ; while the differences and resemblances in the bones of

the head are compared. The paper, which is illustrated by a series

of plates, will, when completed, form a valuable memoir of the

group.

The Parasites of Fishes.

The study of fish parasites is intimately associated with fishery

investigations, and has, therefore, for the past few years had special

attention devoted to it. Mr. T. Scott contributes an additional

paper on the subject to the present Eeport. There is still consider-

able divergence of opinion as to whether these so-called parasites

are really injurious to fishes or not. Weakly fish are occasionally

captured, which on examination are seen to be infested with

parasites, but it is not generally clear whether the emaciated con-

dition of the fish is owing to their presence or has resulted from
another cause, the parasites merely taking advantage of the reduced
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vitality of the fish. There are certainly instances in which

parasites appear to be injurious ; flat-fishes for example, have been

found to have had tlieir gills partially destroyed by the swarms of

young Caligid^e and Lemma adhering to them. On the other hand
there are numerous fishes such as cod, salmon, halibut, turbot, etc.,

seldom free from parasites of one kind or another, though

apparently healthy.

Eighteen species of fish parasites are recorded in this paper,

sixteen of which belong to the Copepoda and two to the Trematoda.

Five of the copepods and one trematode are apparently new to

science, the other trematode is new to Britain.

The Eate of Growth of Fishes.

The results of continued investigations on this subject are con-

tained in a paper by Dr. Wemyss Fulton in tlie present IJeport,

the fishes dealt with being the plaice, common dab, long rough dab,

haddock, and whiting. It is shown that the growth of flat-fishes

is very much slower than the growth of round-fishes. AVhile a

young haddock for example, at the end of its first summer's

growth averages in length about six-and-three-quarter inches and
weighs nearly an ounce-an-a-half, a young plaice of corresponding

age measures about two-and-a-half inches and weighs about one-

twelfth of an ounce. After the second summer's growth the

haddock averages nearly eleven inches in length and about six-and-

three-quarter ounces in w^eight, while a plaice of corresponding age

averages five-and-three-quarter inches and weighs a little over one

ounce. The differences in rate of growth are correlated with the

change in conformation which the fiat-fishes undergo.

Growth is also shown to be closely related to the temperature

of the water, being accelerated in summer and retarded or arrested

in winter in inshore waters ; it is slower but more continuous

in the deeper water where the range of seasonal temperature is

much more restricted. Partly for this reason, and partly because

of the later period of spawning, young haddocks taken in autumn
in the deep water off the Shetland Isles are about two inches

smaller, on an average, than in the inshore water at Aberdeen, but

during the winter months they make up leeway considerably. In
areas like the Firth of Forth, where the seasonal change of temper-
ature is marked, the rate of growth varies accordingly, lieing rapid

in summer and very slow^ in winter, while young plaice on the

beaches, subjected to the greatest extremes of temperature, show
the greatest variation, growth ceasing in winter.

The rate of growth of one and the same species may vary also

according to the locality and independently of the temperature.

Thus both the plaice, the common dab, and the long-rough dab grow
more slowly on the West Coast than on the East Coast, and the

same is true of the plaice in the south-eastern part of the North
Sea, where the water is derived from the Channel. The long rough
dab grows more rapidly in the Firth of Forth than off Aberdeen;
still more slowly off the Shetlands, and slowest of all in the Clyde,

where a dwarf race exists.
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The size and age at maturity of the species mentioned were
determined, the flat-fishes, in relation to their size, reaching

maturity at a later age than the round fishes, and the males

becoming mature earlier than the females. The paper is illustrated

by a series of plates.

The Invertebrate Fauna.

The collections of Crustacea made in connection with the fishery

investigations carried on during the past year have in a number
of instances proved to be of considerable interest, and are

described in a paper by Mr T. Scott. Several apparently un-

described species have been obtained in these collections, while

others though recorded elsewhere have not previously been

obtained in Scottish waters. The number of the former recorded

in this paper is ten, and it has been found necessary to institute

new genera for five of them, all belonging to the Copepoda. Two
rare parasitic forms are described—one parasitic on an Amphipod
crustacean and the other on a starfish.

Mr F. G. Pearcey also contributes a paper on the echinoderms

of the Moray Firth, with Tables showing their distribution at

various parts of the area.

We have the honour to be.

Your Lordship's most obedient servants,

ANGUS SUTHEKLAND, Chairman.

D, CRAWFOKD, BepuUj Chairman.
D'AECY W. THOMPSON.
J. EITCHIE WELCH.
W. R. DUGUID.
L. MILLOY.
D. MEARNS.

WM. C. ROBERTSON, Secretary.



SCIENTIFIC REPORTS.

I. REPORT ON THE TRAWLING EXPERIMENTS OF THE
"GARLAND," AND ON THE FISHERY STATISTICS

RELATING THERETO.

INTRODUCTORY.

During last year the trawling investigations of the " Garland " were
conducted in the Moray Firth, the Fiith of Forth, and the Fii'th of

Clyde, and a number of special hauls were made with the shrimp-net

and with small-meshed nets. The work at each station consists in—

-

(1) trawling along a selected line for a specified distance, d(;termined

usually by cross-bearings, all the fish caught being enumerated, measured,
and recorded

; (2) observations on the temperature, density, and
transparency of the water, on the condition of the weather, &c.

;

(3) collections of the pelagic organisms floating in the water. The
Tables relating to the chief of these investigations will be found
appended to this Repoi't,

The fishery statistics which have been collected in the districts of the

Moray Firth in connection with the ti"awling experiments there, and
which show the quantities of the various kinds of fish cavight by line

fishermen within the closed waters in each month of the year, and for

the whole year, with the respective averages per "shot" of the lines,

are also appended, and are discussed below. These statistics were
collected under the supervision of the Fishery Ofiicers of the various

districts concerned. The trawling records were made by Mr. F. G,
Pearcey, the naturalist on board tlie " Garland."

As in former years, the work of the " Garland " was frequently

interrupted by stormy weather, especially during the winter and autumn
months, her small size reqviiring her to lie up for considerable pei'iods

in port. To the detentions from this cause were added those arising

from the necessity of repairs and the annual overhaul, after which she
was ordered to proceed to the West Coast.

The insufficiency of the vessel for the work she was intended to

perform has been referred to in previous Reports, with respect not only
to her unseawoi'thiness, but to the ineft'ectiveness of her small trawl

in catching fish. In this particular the hauls of the commercial
trawlers (p. 92) form a striking contrast,

c
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The Moray Firth.

A number of hauls were made in the Cromarty Firth in January,
as recorded in the Tables, but they were insufficient to enable a

comparison to be made with former years. The statistics showing the

catches by line fishermen within the Moray Firth, given in the

appended Tables, indicate a considerable fall in the gross quantity of

fish caught, and a slight decrease in the average catch per shot of the
line. The quantity is the lowest since these statistics began to be
collected in 1894, as one might expect from the gradual decadence of

line-fishing on the Scottish coast generally, which is referred to in

Part I. of the present Annual Report (p. xxi.).

The quantities and the average catch per shot are given in the
following Table for each of the seven districts during the last six

years :

—

District.
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coiTespondino- quantity was 76,491 cwts. In Buckie district the total

fell from 22,855 cwts. in 1900 to 16,252 cwts. in 1901 ; in 1899 it was

34,915 cwts. and in 1896 57,450 cwts. In Findhorn district the

quantity in 1891 was 14,286 cwts., as against 21,724 cwts. in the

l)revious year, and 68,761 cwts. in 1895. The average catch per "shot"
increased sliglitly in Lybster and Banfi' districts, and diminished in the

other districts.

In connection with this rapid decline in the quantity of fish caught

by line in the closed waters of the Moray Firth—amounting to 164,463

cwts. in the course of six years—it would be of intere.st to determine

the quantity caught by foreign trawlers frequenting the Firth. On
this point, however, infoi'mation is defective. In the course of the year

twenty-six different foreign ti'awlers were observed by the cruisers

fishing at one time or another within the Moray Firth—viz., 13 under

the Norwegian flag, 3 Danish, 3 Icelandic, 2 Dutch, 3 Belgian, and
2 German. Many of these, as, for example, the German vessels, were
there for a few days only, but most of the Norwegian trawlers appear

to fish in the Moray Fii'th with regularity. According to the returns,

the quantity of fish landed by the foreign trawlers at Grimsby and
Hull, after they had been observed fishing in the Moray Firth, amounted
to a little over 7,000 cwts. No doubt fish caught there were also

landed sometimes at foreign ports, but, on the other hand, a proportion

of the fish landed at Grimsby and Hull may have been taken elsewhere

than in the Moray Firth. The quantity, it will be observed, bears a

veiy small proportion to the shortage in line-caught fish.

With respect to the various kinds of fish taken by line within the

closed area, the quantities and averages for last year and the preceding

four years are as follow :

—

FISH.
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higher for cod, ling, and whiting, and less for haddock and saithe. The
quantity of turbot i-eturned as caught by line in the Moray Fiith last

year was 9 cwts., as against 4 cwts. in the preceding year, and 60 cwts.

in 1899; and there were 11 cwts. of lemon soles as compared with 4

cwts.

The statistics dealing with the number of " shots " of the line-fishing

boats in the Moray Fii'th, or the number of tiips to the fishing grounds,

show that the deci'ease noted last year has continued. The number of

shots both of the large and the small boats diminished in 1901 compared

with 1900, the decrease being marked in the large or great-line boats.

The figures for the past eight years are as follows :

—
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The hauls in September 1900 wei'e made at Stations I.—V., and the

total number of fishes of all kinds caught was 1220, the average per

haul being thus 244. The number of flat-fishes taken was 654, with an
average of 130-8, and the number of i-ound fishes 544, with an average

per haul of 108-8. In September oi'the first period—1886-1890—fifteen

hauls were made at these stations and 5452 fishes were c-aught, the

average per haul being 363-5. The number of flat-fishes was 3178, with

an average of 211-9, and the number of round fishes 2172, the average

being 1 44-8. In the second period— 1 891 -1 895—the number of hauls at

the same stations was twenty-four, 9272 fishes being taken, or an
average of 386-3 per haul. The flat-fishes numbeied 5181, the average

being 215-9, and the round fishes 3948, with an average of 164-5. In
the hauls in September 1900, 1220 fishes were taken, the average being

244. Flat-fishes numbered 654, with an average of 130-8 per haul, and
round fishes 544, with an average of 108-8.

In March, in the fii-st period, 1362 fishes were taken in the fourteen

hauls, the average being 97-3. Flat-fishes numbered 906, the average
per haul being 64-7, and round fishes 378, with an average of 27. In
the twenty-six hauls in the second period 3456 fishes Avere taken, the

general average being 132-9. The number of flat-fishes was 2331, and
the average 89-6, the number of round fishes being 963 and the avei'age

37. In the seven hauls in 1901 the number of fishes taken was 970,

flat-fishes numbering 694 and round fishes 217, the respective averages

per haul being 138-6, 99*1, and 31-0.

Pkiuub.
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In April in the first period twenty-one hai\ls yielded 3082 fishes, the

average per haul being 146-8. The number of fiat-fishes was 2054, and

the average 97"8 ; the number of round fishes was 931, and the average

44'3. In the twenty-eight hauls in the second period 5006 fishes were

caught, giving an average of 178'8. Flat-fishes, numbering 3073, gave

an average of 109'7, and round fishes, numbering 1740, averaged 62-1

per haul. In the seven hauls in 1901, 1826 fishes were secured, with an

average of 260-9 per haul. The number of flat-fishes was 1199, and the

average 171-3, and the number of round fishes 543, the average being

77-6.

In July in the first period 5763 fishes were captiired in the fifteen

hauls, the average being 384-2. The flat-fishes numbered 2509, the

average per haul being 167-3 ; round fishes numbered 3127, with an
average of 2085. In the twenty-eight hauls in the second period 11,670

fishes were taken, and the average per haul was 416-8. Flat-fishes,

numbering 5420, gave an average of 193-6, and i-ound fishes, which

numbered 6051, showed an average per haiil of 216-1. In the seven

hauls in 1901 the number of fishes caught was 2225, the average being

317-9. The number of flat-fishes was 1531, with an average of 218-7,

and the number of round fishes 615, with an avei'age of 87 "9.

Taking all the corresponding months in the three periods, the number
of fishes taken in the 65 hauls in the first period was 15,659, the

average teing 240-7. In the 106 hauls in the second period the

number captured was 29,404, and the average 277'4, In the 26 hauls

in the third period the total was 6,241, and the average per haul 240-0.

In the first period 8647 flat-fishes, with an average of 133'0, and 6608
round fishes, with an average of 101-7, were taken. In the second

period the flat-fishes numbered 16,005, the average per haul being
151"0, and the round fishes numbered 12,702, with an average of 1198.
In the third period 4078 flat-fishes were taken, the average being
156-8, and 1919 round fishes, with an average of 73-8.

These figures indicate that the average abundance of all kinds of fish,

taken together, in the closed waters, in the months named, was much
the same in the period 1886-1890, as in 1900-1901, while there was- an
increase in the second pei'iod. The average for flat-fishes is greater in

each successive period, and gi-eater in each month of the successive

periods, with the exception of September in the last. There is not the

same uniformity in the avei-age catch of i-ound fishes, a circumstance

due, as we shall see, for the most part to the great fluctuations in the

numbers of haddocks captured.

Flat-fishes.

Turning to the consideration of the various species of flat-fishes in the

three periods, it will be found that the averages in certain cases show
considerable vmiformity of vai-iation, indicating a general falling-off in

the abundance of plaice and lemon soles within the closed waters, and
an increase in the number of dabs. The particulars are set forth in

the accompanying Table. In September in the fii'st pei-iod the average

for plaice was 85*7 per haul ; in the second period it was 63-2 ; and in

1890, 38-6. In March in the first period it was 32-6
; in the second,

36-8 ; and in the third, 28*1. In April in the first period it was 44-0
;

in the second, 41*9
; and in the third, 46-7. In July in the first period

it was 66-4
; in the second, 65-9

; and in the third, 69-4. The averages

for all the months combined in each of the three periods are,

i-espectively, 56-4 for the first, 51-8 for the second, and 46-3 for the

third, thus showing a progressive decline. In the first period no hauls

were made in IVlarch and July of the most productive year, viz, 1887,
or in 1888, which was less productive. In 1887 the average for June
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was 88-9, and for August, 100-1 ; in 1888 the averages were, 33-6 for

June, and 111 "3 for August. If the mean of these were taken as

representing an approximate average in the intermediate month, July,

such averages would be 94-5 for 1887, and 72-4 for 1888, and the

average of the 43 hauls for the month would be 77"5,

The percentage of plaice among the total liat-fishes taken in each

month shows the same change, with more uniformity, as might be

expected. In the thi-ee periods the i-espective pei'centages are—for

September, 405, 29-5, and 29-5; for March, 50-4, 4M, and 28-4; for

April, 45-0, 38-2, and 27-3
; and for July, 39-7, 34-1, and 317. In each

case, without any exception, the later period fuinished the lower

percentage, and the earliest peiiod the highest. The percentage

proportion of plaice among the total flat-fishes for the various months
combined in each of the periods is 42-4, 34-3, and 29-5, showing the

same variation—viz., successive diminution—as with the average per

haul. The average indicates a decrease from the first to the last of lO'l

plaice per haul, and the percentage, in the same interval, a decrease of

12-9 plaice per cent, of the total flat-fishes. A diminished percentage of

one species might, of course, exist along with an actual inci'ease in its

numbers (or average per haul), provided other species in the group are

present in larger ratio—and vice versa ; but when it exists along with a

decreased average, it is evidence that the species has actually, as well as

I'elatively, become reduced in numbei'S.

The averages and pei-centages of lemon soles are much less uniform.

The averages in the three periods are—for September, 44'6, 27'1, 10 ;

for March, 4-6, 6-1, 5-1; for April, 18-5, 14-6, 213: for July, 20-7,

Period.
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Period.
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reriod.
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averages for the intermediate month being 43'9 and 36"2, respectively.

If these are combined with the average for the hauls actually made in

July in the other yeai'S, the indicated average would be 47"2 instead

of 60-7.

In the case of long rough dabs the figures show an increase in all the

months, from one period to another, both in the averages and
percentages, except for March, 1901. The averages for the various

months in the three periods are these:—September, 21 '2, 35'2, 38'2
;

March, 13-4, 22-4, 19-1
; April, 12-4, 19-1, 39-7; July, 191, 25-5, 381.

The averages for the various months combined, in each peiiod,

are, 16"2, 25'2, 33"5. The percentages for the various months in the

three periods are, for September, lO'O, 16-2, and 29*2
; for March, 20-7,

25-0, 19-3; for April, 12-6, 17-4, 232; and for July, 11-4, 13 1, 17-4; and
the percentages for the months combined in each period are, 12 '2,

16"7, 21"3. These figures show that the long rough dabs have inci-eased

in abundance since the closure, both absolutely and relatively, and that

the increase apparently continues. As stated, no hauls were made in

March and July in 1887 and 1888. In 1887 the June average was
22-7, and the August average 25*9

; in 1888 the corresponding averages

were 11 "6 and 21-7, the mean being 24*3 and 16'6. If combined with

the Jvily hauls in other years, the indicated average would be 20

instead of 19'1.

The nvimbers of the other flat-fishes taken are comparatively small.

In the first period 43 witch soles were caught, the average being 0'6,

and the percentage 0'5
; in the second period the number was 91, the

average being 0'9. and the pei'centage 0'6
; in the third period the

number was 40, the average r 5, and the percentage I'O. The number
of flounders taken in the first period was 72, with an average of Tl and
a percentage of 0'8

; in the second period the number caught was 170,

the average being 1'6, and the percentage I'O; in the third period the

number was 41, the average 1*6, and the percentage TO. So far as the

very scanty evidence goes, therefore, these two species appear to have

increased. Thirteen turbot were taken, six in the first period, five in the

second, and two in the third ; and eight brill, viz., seven in the second

period and one in the third. The total flat-fishes for each period are as

follow :
—
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Round Fishes.

Tlie averages for round fishes show much greater variation and

diversity, as one might expect, and this is especially the case with

haddocks. The paiticulai'.s for the three periods are :

—
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remark applies to " other fishes," which are for the most part inedible,

the averages for each of the thi-ee periods being 4*0, 4*4, and 5"8.

The renewed investigation above detailed concerning the change in

abundance of the various species within the closed waters confirms the

conclusions reached in 1896 on this subject.* It was then stated that " it

appears to be fairly well proved that there has been a diminution of the

more important flat-fishes in the closed waters, instead of an increase, as

was anticipated," and that, on the other hand, the numbers of common
dabs and long rough dabs had increased, and had to a certain extent taken

the place of the more valuable kinds. The above figures, while they

show that these changes occuired between the first and the second

periods of years, also indicate that a balance has not yet been established,

but that the decrease in plaice and the increase in long rough dabs still

appear to continue within the closed waters. The increase in common
dabs, as indicated by the recent hauls, is less marked, while lemon soles

appear to have lather increased ; and it may be that in the case of

these species a balance has been, or is being, established. It will be

seen from the Table on p. 27 that in the first period the number of

plaice caught exceeded the number of common dabs by 1286 ; in the

second period the number of common dabs exceeded the number of plaice

by 48, and in the third period the excess of dabs was 197. In the

fii-st period the number of lemon soles was greater than the number of

long rough dabs by 378 (1431 and 1053), in the second period the

long rough dabs exceeded the lemon soles by 657 (2676 and 2019),
and in the third period by 349 (870 as against 521).

The probable explanation of the falling ofi" in the numbers of plaice

and lemon soles in the closed watei'S and the increase of dabs is given in

detail in the Report referred to, viz. (1) increased capture of the two
former species in the off-shore waters where they spawn, so that a

considerable diminution has occurred in the number of floating eggs and
fry which form the main source of supply to the watei's inshore

;

(2) the relatively greater protection of the spawning dabs, which spawn
to a large extent inshore

; (3) the selective influence of the trawl net,

which takes a much larger proportion of plaice and lemon soles that
enter it than of dabs, which are smaller in size, and escape in large

numbers through the meshes of the net. The results of further

experiments on the latter subject are described in last year's Reportt
in which it is shown, for example, that 91 per cent, of the long rough
dabs and 69'8 of the common dabs that entered an ordinary otter

trawl, used in commercial fishing, made their way out through tbe
meshes and escaped, while the percentage of plaice that escaped in this

way was only 0*4.

With regard to round fishes, as already stated, the averages do not
allow a certain conclusion to be drawn. The abundance of these
fishes, as tested by experimental fishing, while subject to the same
vicissitudes as the flat-fishes, is subject to others in addition, due to
their shoaling habits and more erratic movements. The diminution of

haddocks, for example, from an average of 74*3 and a percentage of

62-0 in the period 1890-95, to an average of 3*9 and a percentage of
5-3 in the hauls in 1900-1, is obviously unassociated with the closure.

The only round fish which shows a progressive increase in both the
average and the percentage from one period to another is the gurnard,
which spawns very largely indeed in the Firth of Forth, and enters it

* Foiaieenih Annual Rejjorl, Part iii. p. 144, et seq.

t Nineteenth Anmial Report, Part iii., p. 62, et seq.
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in summer for that purpose ;* but there is no satisfactory evidence

that the closure has increased the number of round fishes generally

within the closed ai-ea.

Experience shows that the satisfactory determination of the question

in regard to round fishes would require more ample means of

investigation than were available, because the separation of the
fluctuations due to natural causes from any variation that might arise

from the closure of the watei's to trawling, is, for the reasons above
stated, much more difticult than in the case of flat-fishes. Not only did

the small size of the " Garland," and its comparative unseaworthiness,

interfere with the completeness of the observations, but the small trawl

used has proved a most inefiicieut instrument for the work, compared
with the trawls used by ordinary trawlers.f This inefficiency of the
" Garland " in these respects for the work assigned to it has been jjointed

out in each of the Annual Reports since 1889.

Firth of Clyde.

The stations in the Fiith of Clyde were examined in October,

November, and December, but the work was considerably interrupted
owing to stormy weather and other causes. The number of hauls made
at the stations in the Fii'th of Clyde proper (Nos. I.-XII.) was twelve,

Stations I,-IY, and Station VI. being trawled over in October, and
Stations Y, and VTI.-XII, in November. The stations in Loch Fyne

—

XIII.-XYII.—were examined in October, November, and December,
The catches were, as a rule, very small, ranging at the outer stations

(I,-XII,) from 13 to 405 fishes, the average being 95'8 per haul, and at

the stations in Loch Fyne from 4 to 241, the average being 82'5

per haul.

The five hauls in October at Stations I,-IY, and YI, yielded a total of

323 fishes, the average per haul being 64:'6, The number of flat-fishes

in the five hauls was 89, with an average of 17'8 per haul, the diflferent

kinds in these and in the corresponding hauls in the previous years
being as follows :

—
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The stations referred to are in Kilbrennan Sound, and so far as these

figures show anything, they indicate for this month an increase in plaice,

a relative increase in common dabs and long rough dabs, and a

marked decrease in witch soles. The average for flat-fishes generally,

it will be observed, is less in each year, and least in 1901.

The hauls in November, as stated, were made at Stations V. and
VII. -XII. The particulars in regard to flat-fishes are given in the

following Table, in comparison with the corresponding hauls in previous

years.

Year.
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At the stations in Loch Fyne (XII I,-XVII,) the catches were still

poorer. The hauls at these stations were made in October, November,

and December, and the particulars, as well as those of the corresi)onding

hauls in previous years, are given in the following Table.
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and the absence of uniformity in the averages make any conckisions

uncertain.

The number of round fishes taken was, as a rule, much less, and the

same observation applies with greater force to them. In the October

haiils, at the stations mentioned above, the number of cod, haddock,

whitings, and gurnards taken was 134 in 1901, the average being 26'8
;

in 1896 the corresponding figures were 161 and 32"2, and in 1899, 105
and 21'0, I'espectively. The great majority consisted of gurnards, viz.

118 in 1901, 125 in 1896, and 56 in 1899, In the November hauls the

totals and averages in the various years were as follows:—1895, 231

and 33-0; 1899, 245 and 35-0
; and in 1901, 197 and 28-1. Gurnards

again greatly predominated. At the Loch Fyne stations (XIII.-XVII.)
in October, 1901, the number was 45 and the average 6'4

; in November
the corresponding figui'es were 44 and 8*8, and in December 16 and 3'2.

In seventeen hauls the total number of cod caught was 17, the number
of haddocks 7, the number of whitings 15, and the number of gurnards

66. In October, November, and December, 1899, the averages for

round fishes at these stations were 14'4, 14*8, and 9*5
; and of the total

of 184 round fishes taken in the fourteen hauls, 47 were cod , 58 were
haddocks, 26 whitings, and 53 gnrnards. It is obvious that numbers
of this kind are of no value in such investigations.

T. WEMYSS FULTON,
Scientific Superintendent.
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TABLE A.

—

Showing Summary of Fish taken by the "Garland" in

Trawling Operations in 1901.

station and
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TABLE A .

—

Showing Summary of Fish taken by the " Garland "

Trawling Operations in 1901

—

continued.

IN

station and
i>ate.
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TABLE A.

—

Showing Summary of Fish taken by the " Garland " in

Trawling Operations in 1901

—

continued.

station and
Date.
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TABLE B.—ANALYSIS of the "GARLAND'S" STATISTICS RELATING
TO THE RELATIVE ABUNDANCE of FISH, 1901.

station.

Flat Fish.

o aj

Round Fish.

Firth of Forth.

I.
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TABLE B.
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TABLE C.

—

Record of Observations made on Board the "Garland" during 1901.
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TABLE C.

—

Record of Observations made on Board the " Garland " during 1901.

A. FISH CAUGHT—Firth of Fouth—continued.

Station,
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TABLE C.

—

Eecord op Observations made on Board the "Garland" during 1901.

A. FISH CAUGHT—Firth of Yoriu—continued.

Station,
Date, and

Time
Trawl
down.

1900.

Sept. II.

0-35 p.m.
to

3-30 p.m.

1901.

Mai-. 14.

10-35 a.m.
to

1-35 p.m.

April 23.

2-33 p m.
to

5-37 p m.

July 10.

11-20 a.m.
to

0-45 p.m
1-5 p.m.

to
2-40 p.m.

Com II ion

gumai d

,

Angler,
Cod, -

Whiting, -

Ling, -

Long rough dab
Plaice,

Lemon sole,

Common dab,
Thornback skate

Anolcr,
Cat-fi.sh. -

Cod, -

Whiting, -

Ling, -

Long rough dab
Flounder, -

Plaice,

Lemon sole,

Common dab,
Gray skate,

Tliornback skate,

Common
gurnard

Angler,
Cat-fish,

Cod, -

Haddock,
Bras.sie,

Whiting,
Ling, -

Long rough
Flounder,
Plaice,

Lemon sole

Common dab,
Herrine,
Gray skate,
Thornback skate,
Starry-rav,

dab

Red gurnard,
Common
Guinard,

Angler,
Cat-tish, -

Dragonot, -

Cod, -

Whiting, -

Pollack, -

Long rough dab.
Plaice,

Lemon sole,

Common dab,
Thoniback skate

Size in Inches.

One SI inches. t One 31 inches. % Two 31 inches ; one 32 inches ; one 36 inches ; one 38 inches.
g One 3| inches. 1| On>i 35 inches ^ One 26J inches. ** One Sf inches. tt One 30 inches.

} t Que 3 inches ; five 3.i inches ; one 3| inches.

t5
93
2

1

§44
2

60

3

'io

76
59

70

II 11

1[1

2

38
**23

ttl
59
55

129

t{64
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TABLE C.

—

Record of Ouservations made on Board the "Garland" Duumc 1901.

A. FISH CAUGHT—Firth of Yomn—continued.

Station,

Dnte, and
Time
Trawl
down.

Station IV,

1900.

Sept. 7.

0-12 p.m.
to

1-50 p.m.
;

al.so,

2-0 p.m.
to

3-38 p.m.

1901.

March 3.

1-0 p.m.
to

3-0 p.m.
;

and
3-15 p.m.

to

4-30 p.m.

Com. ^urnaid,
Angler,
Cod, -

Whiting, -

Flounder, -

riaice,

Lemon sole.

Common dab,
Thornback skate,

Size in Inches.

Father-lashor,
Cat-fish, -

April 25.

11-20 a.m
to

2-20 p.m.

July 11.

11-30 a.m.
to

1-0 p.m.;
and

1-18 p.m.
to

2-15 p.m.

Station V.

1900.
Sept. 13.

11-56 a.m.
to

1-30 p.m.

Flounder, -

Plaice,

Common dab,

Com. gurnard, -

Fathei-laslier, -

Angler.
Cat-fish, -

Cod, -

Lon'4 rough dab.
Flounder, -

Plaice,

Lemon sole.

Common dab, -

Sprat,
Thornback skate.

Com. gurnard, •

Pogge, - -

Angler,
Cod, -

Whiting, -

Flounder, -

Plaice,

Lemon sole,

Common dab, -

Tliornback skate.

Com. gurnard,
Cod, -

Haddock, -

Whiting, -

Hake, -

Long rough dab,
Plaice,

Lemon sole,

Common dab,
Gray Skate,

35

G 4

17 18

-f +

2 4

Total.

loa

35
1

4

1

7

11

3
141
17

43

t5
14

§42

111

10
4
4
3

234
32

t6S
13

411

187
1

107
34
1

22
1

386

* One 33 inches. t One 39.^ inches J One 3 inches ; two 3i inches ; one 3^ inches. § One 3J inches.
II Z\ inches. IJ Two 'i\ inches ; one 3A inchfis ; three 3J inches.* * Two 3 inches ; one 3.| inches ; one 3A inches ; two 3J incJ.i
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TABLE C—Record of Observations made on Board the "Garland" during 1901.

A. FISH CAUGHT—FiKTH of Yokvk—continued.

Station,

Date, and
Time
Trawl
Down.

Station V.

1901.

llaich 2G.

4-5 p.m.
t'l

6-5 p.m.

Kim', of Kisli.

April 24

10-45 a.m.
to

O-tOp.ni

Angler,
Cod, -

Haddock, -

Brassie,

Whiting, -

Long rough dub
Flounder, -

,

Plaice
Lemon sole,

Witch sole,

Common dab,

Herring,
Gray skate.

Starry ray, -

Com. gurnard, •

Cod, -

Haddock, -

Brassie,

Whiting, -

Long rough dab,

Flounder, -

Plaice,

Lemon .sole.

Witch sole,

Commou dab, •

Gray skate,
Thornback skate.

Starry ray.

Size in Inches.

5

+ +

July 15-

1-30 p.m.

3-35 p.m.

Station
VI.

I'JOL

March 28.

0-50 p.m
to

1-50 p m.

Com. gurnard,
Cod, -

Haddock, -

Whiting, -

Long rough dab
Flounder, -

Plaice,

Lemon soles

Witch sole.

Common dab
Gray skate,

Cat-fish,

Cod, -

Whiting, -

Long rough dab,
Flounder, -

Plaice,

Lemon sole,

CoTnnion dab.

Halibut, -

4,1 1

22
I

21 IG

1

10 11

+ +

1 8

10 3
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TABLE C.

—

Kfx'Okd of Obsbrvatioiss made on Board the "Garland" during 1901.

A. FISH CAUGHT—FiKTH uf YoKVB—coidinucd.

Station,

Date, and
Time
Trawl
Down.
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TABLE C—Record
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TABLE C.

—

Record of Observations made on Board the " Garland " during 1901

A. FISH CAUGHT—Oromarty YiYCvn—continued.

station,

Date, and
Time
Ti-awl

down.

From off

Alness to

Inver-
goitlon,

Mid-
Channel.
1901.

Jan. 8.

2-30 p.m.
to

Kind of Fish.

Station
II.

1901.

Oct. 23.

0-50 p.m.
to

2-20 p.m.

Cod, -

Haddock, -

Whiting, -

Saitlie,

Ling, -

Lemon sole,

Father-lasher,
Pogge,
Cod, -

Haddock, -

Whiting, -

Ling, -

Lemon sole,

Siztf IN Inches.

Com. gurnard,
Dory,
Haddock. -

Hake, ' -

Long rough dab
Lemon sole,

Witch sole,

Common dab.
Grey skate,

Thornback skate
Cuckoo-ray,

Com. gurnard,
Dory,
Lipans rnon

tagid,
Haddock, -

Hake,
Plaice,

Lemon sole,

Common dab,
Grey skate
Thornback skate
Cuckoo-rav,

Firth of Clyde.

' One 48 inches. f One 29 inches ; one 32 inches. % 37 inches. § 26 inches. || One 3 inches.
•1 'i\ inches. * ' One 2i irichef. tt One 36 inches ; one 38 inches.
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TABLE C—Record of Observations made on Board the " Garland " during

A. FISH CAUGHT—Firth of Qvi\m—continued.

1901.

station,

Date, and
lime
Trawl
down.

Kind of Fish.

Station
III.

1901.

Oct. 23.

10-35 a.m.
to

11-55 a.m.

Station
IV.
1901.

Oct. 2-.'.

3-35 p.m.
to

4-20 p.m.

Station
V.

1901.

Nov. 7.

2-50 p.m.
to

3-50 p.m.

Station
VI.

19 1.

Oct. 25.

0-25 p. m.
to

2-25 p.m.

Com. gurnard, -

Angler,
Whiting, -

Hake,
Long rough dab.

Plaice,
Lemon sole,

Witch sole,

Com. gurnard, -

Cod, -

Long rough dah.

Common dab,
Thornback skate,

Com. gurnard, -

Haddock, -

Brassic,

Lemon sole,

Thornback skate,

Red gurnard.
Com. gurnard.
Haddock, -

Bvassie,

Whiting, -

Hake,

j
Lemon sole,

Common dab,

Nurse Hound,
Thornback skate

Cuckoo-ray,

Station
vn.

1901.

Nov. 7.

9-33 a.m.
to

11-33 a.ra

Red gurnard,
Com. giu'nard,

Brassie,

Whiting, -

Hake,
Long rough dab
Lemon sole,

Witch sole.

Common dab,
Thornback skate

Cuckoo-ray,
Homelyn-raj

Size in Inches.

11 I 12

+
I

+

One 40 inches ; one 41 inches. t One 28 inches. t One 26J inches. § One 27J inches.

Total.

2

13
2

2

4
3
3

1

2

§5
1

1
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TABLE C.

—

Record of Observations made on Board the "Garland" during 1901.

A. FISH CAUGHT—Firth of Ch^\)^—continued.

station,

Date, and
Time
Ti-awl^
down.
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TABLE C.—Record of Observations made on Board the "Garland" during 1901.

A. FISH CAUGHT—Firth of Qm-D-e.—continued.

station,

Date, and
Time
Trawl
down.
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TABLE C.

—

Record of Observations made on Board the "Garland" during 1901.

A. FISH CAUGHT—FiiiTH of (:,h\D-&—continued.

station,

Date, and
Time
Trawl
down.
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TA.BLE C.^Rrcord of Observations made on Board the "Garland" during 1901.

A. FISH CAUGHT—Firth of GhYDi^—conUmicd.

station,

Date, and
Time
Trawl
down.
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TABLE C.

—

Record of Observations made on Board the "Garland" during 1901.

A. FISH CAUGHT—Firth of C-lydk—continued.

station.

Date, and
Time
Trawl
down.
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TABLE C.

—

Record of Observations made on Board the

"Garland" during 1901.

B—PHYSICAL OBSERVATIONS—CuoMAiiTY Firth.

station,

Date, and
Hour.

1901.

.Tan. 7.

10 1.5 a.m.

Jan. 8.

10.20 a m.

Jan. 9.

9.30 a.m.

Jan. 10.

9.40 a.m.

Jan. 17.

10.15 a.m.

Jan. 18.

11.0 a.m.

Jan. 21.

10.20 a.m.

Jan. 23.

10.40 a.m.

Temperature.

Over
Stn.

in.

Off
Inver
gor-
ilon.

West
Inver-
gor-
ilon.

Off
Salt-

burn.

Off

Cas'le

craiff.

East
of

Jam-
inia

Vill-

age in

bay.

Close
off the
West
Suter.

Dry
Bulb.

4-0

4.4

04

Sur- Bot-
face. tom.

Depth
in

faths.

44-4

43-4 44-3 14

l^i

Weather.

K.S.B.
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TABLK C.

—

Recoud of Observations made on Board the

"Garland" during 1901.

B. PHYSICAL OBSERVATIONS.—FiKTii of Forth.
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TABLE C.

—

Record of Observations made on Board the
•' Garland " during 1901.

B. PHYSICAL OBSERVATIONS—FiETH of YoTitn—continrnd.

station

,
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TABLE C.

—

Record op Observations made on Boaud the
'

' Garland " during 1901.

B. PHYSICAL OBSERVATIONS.—Firth of Yowiii—conlmued.
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TABLE C.

—

Record of Obsbuvations made ok Board the
"Garland" during 1901.

B. PHYSICAL OBSERVATIONS.—FiKTii of Yomn—eontinued.
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TABLE B.

—

Record of Observations made on Board the

"Garland" during 1901.

C. PHYSICAL OBSERVATIONS.—FiiiTH of Foktu—continued.
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TABLE C.

—

Record of Observations made on Board the
"Garland" during 1901,

B. PHYSICAL OBSERVATIONS—Firth of Gi.yv>y.— continued.
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TABLE C.

—

Record op Observations made on Board the
"Garland" during 1901.

B. PHYSICAL OBSERVATIONS.—Firth of Ci.\x>^—continued.



60 Part III.—Ttrentieth Annual Report

TABLE C.

—

Record of Observations made on Board the
"Garland" during 1901.

B. PHYSICAL OBSERVATIONS—Firth of Clyde—coji^iuMerf.

station,
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TABLE C.

—

Record of Observations made on Board the
"Garland" during 1901.

B. PHYSICAL OBSERVATIONS—FiRTii of Clyde—contmned.
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TABLE C.

—

Record of Observations made on Board the
"Garland" during 1901.

B. PHYSICAL OBSERVATIONS.—Firth of Ci.yj)V^—continued.
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TABLE C.

—

Record of Observations made on Board the
"Garland" during 1901.

B. PHYSICAL OBSERVATIONS.—Firth of Qi.\i^v.—continued.

station,

Date, and
Hour.

Station III.

Sprinip
Trawl,

Saiula to

Beiiiian

Head.
lyoi.

Nov. 25.

1.35 p.m.

Station V.
Slirimp
Trawl,
Sanda to

Bennaii
Head.
1901.

Nov. 25.

3.45 p.m.

StaionVI.
Shrimp
Trawl,
Mull of

Cantyre to

Corsewall
Point.

1901.

Nov. 2.3.

10.47 a.m.

Station
vn.

Shrimp
Trawl,
Mull of

Cantyre to

Corsewall
Point.

1901.

Nov. 23.

Station
VIII.
Sluimp
Trawl,

Pladda to

Turn berry
Point.

1901.

Nov. 22.

10.20 a.m.

S.E.

Temperature.

Dry
Bulb.

Water.

Sur-
I

Bot-
face.

i

torn.

1Depth

.53 -04

50-90

41-00

45-68

52-7

52-0

51-9

50-5

50-4

52-6

.52-6

52-8

52-5

.'.1-2

50-9

32i
16+

25J
12J

Wind.

Direc-
tion.

S.W. by
W.

S.W. by
W.

S.E.

Weather.

Cloudy.

Cloudy.

Moderately
clear.

Fine, mod-
erate, clear

Moderate,
clear.

Sea.

Smooth.

Slight.

Choppy.

Tide.

31h. ebb.

4h. fl.

Baro-
meter.

30-58

30-48

30-48

30-7
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TABLE C.

—

Record of Obervations made on Board the
"Garland" during 1901.

B. PHYSICAL OBSERVATIONS—FiKTH of Qlyd-e—continued.

Station,

Date, and
Hour.
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II. NORTH SEA INVESTIGATIONS.

II.

By Dr. T. Wemyss Fulton, F.R.S.E,, Scientific Superintendent.

(Plates I.-III.)

INTRODUCTION.

In the last Annual Report it was stated that the Fishery Board had

granted authority for the occasional employment of steam trawlers within

the Moray Firth and other parts of the territorial waters for the purpose

of scientific observations. These investigations were continued during

the greater part of last year, mostly in the Moray Firth and Aberdeen

Bay, but hauls were also taken in Lunan Bay, Sinclair Bay, Thurso Bay,

and in the deep water oft' Aberdeen. No expenditure was incurred in

the hire of the vessels, but since the inshore fishing in the bays is usually

more profitable than the deep-sea fishing, there was little difliculty in

obtaining the necessary facilities for the work, and in some cases facilities

were also granted for similar observations in the deep water off the

Orkney and Shetland Islands, where the fishing of the large steam

trawlers is now mostly carried on.

Under the most favourable circumstances scientific work on board

steam trawlers must be pursued under certain difficulties and disadvan-

tages. The accommodation for the purpose is defective, and the obser-

vations had to be made entirely on deck ; but this disadvantage has now
been to some extent obviated by the use of a portable deck-house, which

can be fitted up on any of the vessels {see p. 332). The vessels are also

only partially under one's control, and since the chief consideration of

those connected with them is, naturally enough, the financial result of

the expedition, it was found in practice that more work could be accom-

plished when profitable catches were being obtained than when the fishing

was poor and unremunerative. On the other hand, there were certain

compensations in being able to ascertain the actual conditions under which

commercial trawling is carried on; to observe the proportions of immature

and unmarketable fishes to the marketable, their vitality when brought on

deck, &c., and, above all, to have at one's disposal the great numbers and

varieties of fishes which are taken by the large otter-trawls.

The observations made on board the trawlers were as follows :—The
temperature of the surface and bottom water was determined at each

locality and the depth during each haul ; tow-nets and the dredge were

used when possible ; the number of each kind of fish caught in the net

was ascertained, and a note taken of the duration of the haul and of the

proportion of the fishes taken to market to those thrown overboard.

Large numbers of fishes were also measured and recorded in connection

with the investigation on the rate of growth of fishes (p. 326) and rare

specimens preserved. Since the trawling operations go on continuously

day and night, unless when interrupted by unfavourable weather, it was

not found possible to enumerate, examine, and record all the catches, even

with the assistance rendered. In some cases the mere separatio]i and

enumeration of the " offal," i.e., the unmarketable fishes, occupied hours.

In as many cases as possible complete records were made of the hauls
;

when that could not be accomplished the detailed record was limited to

the marketable fishes, the unmarketable being stated according to the

gross quantity, or estimated, as indicated in the Tables appended , In
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some cases no record was made of the hauls brought on board during

night. In order to bring the catches made on these trips in the territorial

waters into relation with those from the usual trawling grounds, I have
also given the gross quantities of the marketable fishes in cwts. as well as

the values. As on previous occasions, I receive:! much assistance in this

work from Mr. H. Dannevig and also from Mr. P. Jamieson. The hauls

made in May in the deep water off the Shetlands were all recorded by Mr.
H. Dannevig.

Besides the investigations made on board trawlers, I have been able to

obtain detailed statistics of the quantities of fish landed at Aberdeen by
a considerable number of other trawlers, and these are also dealt with

in this paper. They are of two kinds. The first series shows the quan-

tities landed each trip by six steam trawlers over a period of years ; in

two instances the period comprises sixteen years, from 1885 to 1900
inclusive, and in the other four cases it comprises ten years, from 1890 to

1 900. The period is thus considerable, and the information they furnish

as to the quantities of fish caught in the various successive years is of

interest. They are, however, defective in one important particular, inas-

much as they do not show the places where the fish were taken, a defect

common to most fishery statistics, and thus conclusions drawn from them
as to change in the abundance of bottom fishes are uncertain. The fish, and
especially the flat-fish, on different grounds vary greatly in kind and in rela-

tive proportion to one another. Plaice, for example, is the most abundant
marketable flat-fish in the bays and inshore waters on the East Coast, while

it is extremely scarce in the deep water at a distance from shore. On the

other hand, witches and megrims are absent from the shallow inshore

waters and are abundant in the deep water, where they form the greater

proportion of the marketable flat-fishes. Thus, twenty-three hauls,

occupying 102 hours actual trawling, in 65 fathoms, about 35 miles from
the Hhetlands, yielded 193 plaice, 1352 witches, and 782 megrims, while
five hauls occupying 9J hours, in Aberdeen Bay, by the same vessel,

immediately after the deep-water hauls referred to, yielded 1097 plaice,

no witches, and no megrims. At a somewhat greater distance from the
Shetlands plaice are practically absent.

The statistics of the six trawlers mentioned above show a great decrease

in the quantitly of plaice caught by them in the later years of the period
;

but they show at the same time a great increase in the quantity of witches

and megrims, which indicates that the grounds fished over were not the

same in the earlier and later years. The records of two of the vessels go
back, indeed, to a period when the whole of the territorial waters in Scot-

land were still open to trawlers, and the others to a time when the

greater part of the Moray Firth was likewise open to them ; there is no
doubt that they often fished then in the areas now closed, and that this

accounts to a great extent for the diminution in the catch of plaice. But
it is impossible to say how much of the decrease is due to diminished
abundance of this fish on the old grounds and how much to the transfer-

ence of the fishing to new grounds, where it is naturally scarce.

The other series of statistics was devised with the object of remedying this

defect by ascertaining and recording the place where the fish were caught.

For this purpose a considerable number of steam trawlers were selected,

fishing, like the others, from the port of Aberdeen and lauding their fish

there, and a note of the place of fishing was furnished by the skipper to

the statistical clerk (Mr. J. Eobb), who also recorded, in the usual

manner, the quantities of fish landed. Obviously the trustworthiness of

this information depends upon the good faith of the skipper—and the
most reliable men were chosen—and in the great majority of cases there was
no motive for giving misleading information and no reason to suppose
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that it was misleading. In cases where any doubt occurred the record

was rejected ; those records were also rejected which showed the fish to

have been caught at more than one place, unless the places were within

the same area on the chart.

By a fortunate chance I have been able to obtain similar information

for the first three months of the year 1891, during which period a note

was made of the place of fishing of all the trawlers landing fish at Aber-

deen. The results are given in the Tables, and thei information for these

months, for the corresponding months of 1901, and for the whole of 1901,

have been placed on charts for the purpose of comparison. The informa-

tion is discussed below; but it may be said here that the two chief points

brought out are, first, the great change which has occurred in the area of

fishing in the interval of ten years, and, secondly, the very different pro-

portions of the various kinds of food-fishes caught in different parts of

the North Sea. These facts have an important bearing upon the inter-

pretation of fishery statistics, and it may be desirable to consider the

point in some detail.

The statistics of fisheries as at present exhibited although very valuable

from the economic point of view, as in any other industry, are not capable

of showing whether, or if so to what extent, impoverishment of any given

fishing ground is taking place. They cannot be used to measure the

variations in the fish supply in a given area of the sea from year to year,

or the effects of any particular method of fishing, because the factors

which are necessary for these objects are neglected. Thus they fail to

serve the main purpose for which they were instituted.* It is agreed that

the information referred to is essential for the rational regulation of

fisheries, and it cannot be obtained by any but statistical methods applied

to the fisheries themselves. Owing to the great extent of the area from

which the fish supply is drawn, and the fluctuations which occur from

natural causes, the work of a few special steamers would be quite inade-

quate ; and if the experimental fishing of such steamers were confined to

a limited area, there would be no certainty that any definite results

obtained there would apply elsewhere.

At present, for example, the statistics show that the gross quantity of

fish landed is increasing from year to year, and that circumstance is some-

times adduced as proving that the fisheries and the fishing grounds are in

a satisfactory condition. It is, however, well known that within recent

years a considerable proportion of the fish supply is drawn from distant

seas, as Iceland and the Faroes, and that the means of capture has been

multiplied both in number and efficiency. The English trawlers, and

most of the Scottish trawl-fishermen maintain that the abundance of fish

on the old fishing grounds in the ISTorth Sea has become greatly reduced,

and that if fishing operations were restricted to the same places and the same

scale as previously there would be a material reduction in the fish supply.

It is, however, necessary that this conclusion to be convincing and of

practical value should be established by clearly ascertained facts.

Experience makes it evident that the fishery statistics in order to

provide the information required to prove whether the supply on any given

grounds is increasing, decreasing or stationary, must be based throughout

on certain principles. They should show

(1) The quantities of the various kinds of fishes landed
;

(2) The method of fishing by which the fish are caught

;

(3) The places where the fish are taken
;

(4) The duration of the fishing operations
;

(5) The season of fishing.

*Report of the Commissioners appointed to inquire into the Sea Fisheries of the United

Kingdom, cvi., 1866 ; Report on the Sea Fisheries of England and Wales, 1879, xxxii. ;

Report of Commissioners on Trawl Net and Beam Trawl Fishing, 1885.
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It would probably be impossible in practice-—it certainly would be

expensive—to obtain all this detailed information from each of the fishing

places around the coast. At many of them the fish are not sufficiently

separated into the different kinds to enable the quantities to be accurately

recorded, and the other information required, even if procurable, would
necessitate a very large staff of collectors. It is not, however, necessary

for the purpose in view that the detailed information should be obtained

from each little fishing creek. It would be quite sufficient that it should

be got at a few of the leading fishery ports, where the difficulties in the

way are not great, and where the great bulk of the white fish are landed.

About 57 per cent, of all the white fish landed on the Scottish coast last

year were, for example, landed at Aberdeen by trawlers and liners (viz.

1,161,566 cwts. of a total of 2,024,867 cwts.) including 65 per cent, of

all the flat-fishes landed. If the particulars above set forth were ascer-

tained regarding this quantity of fish, or even a considerable proportion

of it, they would in a few years furnish important testimony as to any
change in the productiveness of the grounds from which the fish were
taken. Similar particulars might also be procurable at certain English

ports as Grimsby and Hull, and perhaps North Shields and London, and
these with Aberdeen would probably suffice to measure the fluctua-

tions in the fish supply from the North Sea.

The Statistics of the Fish Landed.

It is, of course, of primary importance that the fish landed should be
separately distinguished, as far as that can be done, as well as the quanti-

ties of each kind accurately recorded ; and the observation applies to

species which may not at the time appear to have great commercial
importance. It was customary, for example, some years ago to combine
turbot with brill, and dabs and witches with plaice even at the chief ports

;

and it is now impossible to precisely distinguish the quantities of each in

these years in the original records, although the information would be of

value. So far as I am aware, the statistics collected at the port of Aber-
deen by Mr. James Ingram, the Fishery Officer, and his assistants, are the

best and most detailed obtained anywhere, and will serve as a model in

this respect. With regard to the fish landed by trawlers, for example,—
which form the great bulk of the fish brought to the port—the following

kinds are distinguished, viz., herrings, mackerel, cod, codling, ling, tusk,

saithe, hake, haddock, whiting, turbot, halibut, lemon soles, brill, plaice,

dabs, witches, megrims, conger-eel, gurnard, catfish, monks, skates and rays

and " other fish," as well as the quantities of squids, crabs, and clams. The
catch of each boat is ascertained in detail every morning by observation

at the market and from the salesmen's books ; and notes are also made of

the " other fishes " not separately distinguished, as the black or common
sole, which is very rare in Scottish waters—the bream, the Norway
haddock, &c.

The catches of line boats, which comprise much less variety in the
kinds of fishes, are similarly and separately recorded.

Moreover, the sizes of the fishes, as classified for the market and sold,

are recorded, a distinction which is becoming more important as the

smaller sizes are now brought to market in greater quantity than pre-

viously. Thus cod and codling are separately recorded ; haddocks are

separately recorded as extra-large (mostly Icelandic), large, medium, and
small ; whitings, lemon soles, witches, and megrims are recorded as large

and small, and plaice as large, medium, and small.

As previously stated, information of this detailed kind could not b&
obtained at the smaller ports, and even at some of the larger it appears to
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be difficult to procure it. lu the most important group of fishes so far

as concerns the question of depletion of the grounds, viz., the flat-fishes,

the published returns separately distinguish only halibut, turbot, and

lemon sole ; flounders, plaice, and brill being slumped together into a

common group, which, moreover, contains also witches, megrims, and

dabs—so that in this case six species of flat-fishes are mixed up together,

and it is impossible to ascertain the quantity of any of them.

Since the question is of so much importance from the point of view of

the investigations on the impoverishment of fishing grounds, the Secretary

of the Board kindly procured for me a statement showing as nearly as

possible the kinds of fish included among " flounder, plaice, and brill," in

the various districts of the east coast of Scotland in 1900. It is as

foUow^s :
—

Statement showing the kinds of Fish included under the heading
" Flounder, Plaice, and Brill " in the Board's Annual Report, and

the cjuantity of each kind landed in East Coast Districts during the

year 1900.

District.
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of dabs, witches, and megrims is almost as great as the total quantity of

flounder, plaice, and brill (44,428 cwts., and 47,619 cwts.). The pro-

portion of certain kinds, moreover, varies greatly in different districts. In

Leith district, for example—which contains the second most important

trawling centre in Scotland—3400 cwts. of flounders, 5200 cwts. of plaice,

10 cwts. of megrims, and no witches are returned as landed ; while at

Aberdeen there were 20,964 cwts. of plaice, 24,343 cwts. of witches,

12,040 cwts. of megrims, and no flounders. The trawling grounds differ

to some extent, and from the deeper water in the northern areas, one

would expect the proportion of megrims to be greater at Aberdeen,

although to nothing like the degree indicated. Witches are abundant

in the deeper parts of the more southerly grounds, as off the Firth of Forth,

and their absence from the records cannot be taken as showing their

absence from the catches ; and it is, I think, probable that the witches, as

well as other flat-fishes, are returned as "flounders" in the case in question.

The quantity of flounders (Plewonectes flesus) actually landed anywhere

is very small. Trawlers rarely take them in ordinary circumstances ; they

never get them in the deeper water, and only occasionally when fishing

(for scientific purposes) in the territorial waters (see Tables, p. 143), and

such as are brought to Aberdeen market are sold with the dabs or the line-

caught plaice.

A similar return of " flounder, plaice, and brill " landed in the West
Coast districts comprises in reality only flounders, plaice, and dabs, without

any brill. The quantities are small, viz., 2583 cwts. of flounders, 5521

cwts. of plaice, and 69 cwts. of dabs. In some cases they are all returned

as " flounders," and in other cases all as " plaice "
; in two of the districts

it is stated they cannot be specifled since the distinction between the

different kinds of flat-fishes is unknown.
It is evident from the facts stated that it w^ould be hazardous to make

use of statistics of the nature described in dealing with such questions as

the depletion or productiveness of fishing grounds. The proportion of

error introduced would probably far outweigh the advantage of having

larger totals from which to draw conclusions. And, indeed, with the

exception of one district—Leith—the returns, for the purpose in view,

might be discarded. From the position of the Leith district, midway
between Aberdeen and the English ports, and the quantity of white fish

landed (232,824 cwts. in 1891, about the same as at North Shields), it

would undoubtedly be of value if the returns referring to it could be made
use of. But there are special difficulties from the employment of carriers

and from the direct dispatch of fish to the Glasgow market, and it is

stated that the trawl-owners in many cases decline to give the particulars

of the different kinds of flat-fishes owing to the extra trouble involved.*

It is undoubtedly much bettei' in the meantime, even with regard

merely to the accuracy of the returns of the fish landed, that the statistical

information for practical scientific investigations concerning the impoverish-

ment of fishing grounds should be confined to the chief ports where a

large quantity of fish is landed, and where the returns can be obtained

with substantial accuracy, and in great detail.

*The collection of the statistics generally in Scotland, it may be sairl, is facilitated by
the provision in the sixth clause of the Sea Fisheries (Scotland) Amendment Act, 188.5,

as follows:—"The Fishery Board shall have povcer to require all fishermen and other
persons belonging to British sea-fishing boats, and all fish-curers catching or curing any
kind of sea fish in Scotland, or in any part of the sea adjoining Scotland, to make returns,

in such form and at such periods as may be prescribed b}- the Fishery Board with the
sanction of the Secretary for Scotland, of all sea fish which are caught or cured by them
respectively." The penalty for "failing to make a full and correct return" is not to

exceed £20.
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The Method of Fishing.
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It is also necessary that the method of fishing by which the fish are

caught should be distinguished, and the quantities taken by each method
separately recorded as at Aberdeen. The j)rincipal modes by which bottom
fishes, that is to say white fish, are taken are trawling, great-lining and
small-lining. In some places there are subsidiary methods as gill-nets or
" trammels " (especially for cod and turbot and skates) and fixed (trap)

nets, but their contribution to the total is extremely small. Seine-net

fishing for flat-fishes is not allowed in Scotland.

An important reason why it is necessary to separately distinguish the

product of each mode of fishing is that not only the quantities but the

proportions of the different kinds of fish taken by each mode varies con-

siderably. The catches, for example, of trawlers and liners differ to a

large extent. In the following Table I have given the percentages of the

different kinds offish caught (1) by a steam-trawler in the course of a

whole year, the total being 5138 cwts.
; (2) by the steam-liners landing

fish at- Aberdeen in the month of March, making 157 landings, the total

quantity being 15,725 cwts
; (3) by 424 landings of small-line boats at

Aberdeen in April, the total quantity being 1005 cwts. :

—
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quantity of any particular species landed from a given area might be due,

not to a change in the natural abundance of the fish, but to the pre-

ponderance of one mode of fishing over another. In recent years a con-

siderable change has occurred in tlie relative proportion of these modes of

fishing, trawling having greatly increased and line-fishing diminished, and

this circumstance alone must have materially affected the proportional

quantities of the fishes landed.

At large ports there ought not to be difficulty in ascertaining the quan-

tities lauded by the boats pursuing the diffei'ent methods of fishing, since

the particulars are separately obtained.

The Places Whbrb the Fish are Taken,

It is also very necessary, for the purpose iu view, to determine the area

where the fish are caught. In dealing, for example, with the question of

the alleged impoverishment of the North Sea, it would be manifestly

wrong to include among the fish from that sea those which are taken in

other regions, as Iceland, the Faroe Islands, the Bay of Biscay, the coasts

of Ireland, the west coast of England and Scotland, the south coast

of England or the north coast of Scotland. The fish from these

various regions are not distinguished in the returns from fish caught in

the North Sea, and they form an increasingly great part of the total fish

landed. It by no means follows that fish landed on a particular coast,

e.g., the East Coast, were caught in the sea which washes that coast. This

remark was applicable to some extent in the days before steam fishing

vessels were employed, but it has now much greater force when the bulk

of the supply is landed by steamers. The place of landing thus furnishes

no evidence as to the place of fishing.

The incluhion of fish from different places may affect the result in

two ways. It may affect the total quantity landed, and it may affect the

proportional quantities of the different kinds of fish. Fish are much
more abundant at Iceland than in the North Sea—that is why the

trawlers go there. A two hours' drag may more than equal several five

hours' drags in the North Sea. In the North Sea itself the abundance

of fishes varies much in different parts. The catches obtained on the

Fisher Bank are fully one-third less in quantity than those obtained on

the northern grounds in deeper water. It is thus clear that, with'the

other factors remaining unchanged, the places of fishing may alone pro-

foundly affect the total quantity landed, and an increase or decrease in

the latter is not evidence of an increase or decrease on the grounds in a

particular region. In order to obtain the infoi'mation desired as to the

productiveness of any area the fish from that area must be separately

specified.

Not only does the gross abundance of fish vary in different regions,

but the proportional abundance of the diflferent kinds of fishes varies in

still greater degree, so that it is possible by looking at a shot laid out in

the market to tell with fair accuracy the region from which it comes.

In a catch got in the deeper water, e.g., off the Shetlands, there is a

preponderating proportion of long fish, for example, such as ling, saithe,

a,nd hake, and the fiat-fishes consist almost entirely of witches and
megrims, with a few lemon soles and few or no plaice; haddocks are

usually also more abundant. Particulars on these points are given in the

following pages (p. 135), but I may here adduce one or two com-

parisons to show how the proportions differ in different places, the place

in each case having been independently ascertained, apart from those con-

nected with the vessel.
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It is obvious, from these illustrations, what result a predominant fishing

in one or other of these areas would have on the statistics of the fish

landed. If it were carried on principally in the area of the Fisher

Bank there Avould be no tusk, probably no hake, few ling and saithe,

and comparatively few haddocks. There would, on the other hand, be

a large quantity of plaice, scarcely any witches, and no megrims from
these grounds. In the more northern area the quantity of ling, hake,

saithe, and tusk would be considerable ; there would be practically no
plaice, but a large quantity of witches and a considerable quantity of

megrims. These grounds, it will be observed, are both in the North Sea

and not very far apart, viz., 120 miles.

The impoverishment which has taken place on the older fishing grounds
of the North Sea has been most marked in the case of flat-fishes, and it

is chiefly with regard to this group of fishes that remedies are demanded.
1 may, therefore, further illustrate the important bearing which the place

of fishing has upon the relative quantities indicated in the statistics of

fish landed. In the section of this paper dealing with the catches of

Aberdeen trawlers in various areas in the North Sea (p. 135) it will be

found that the relative quantities of the various kinds of flat-fishes taken
vary greatly according to the area in which they are caught. Taking, for

example, two of the areas near the coast, xxiii and xxix, and four of the

areas further north-east (to the south and east of the Shetlands), viz.,

xiv, XV, xviii, and xix, it will be found that in the former the predominant
flat-fishes are lemon soles and plaice, while in the latter areas these

species are very scarce, witches and megrims making up the bulk of the

flat-fishes. The particulars, in percentages, are shown in the following

Table. Each area, it may be said, corresponds to 1 degree of latitude and
2 degrees of longitude, and includes approximately about 3600 square

miles (geographical) of sea. The depth in xxix ranges from about 30
to 50 fathoms, and is mostly under 40 fathoms ; in xxiii it is about the

same, except in the north-east part where it exceeds 50 fathoms ; the

depth in the other areas ranges from about 50 to over 80 fathoms, the

general run being between 60 and 70 fathoms. The quantity of flat-fishes

taken in the various areas (in cwts.) was as follows :

—

xxiii.
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centages of the two shallower watei' areas, xxiii, xxix, which, broadly

speaking, comprise the grounds to a distance of about sixty miles from

the east coast of Scotland, between the Moray Firth and St. Abbs Head,

and the other four deeper-water areas, which comprise over 14,000

square miles of the North Sea, extending from off the Moray Firth to

the Shetlands, and rather more than half-way to Norway. The quan-

tities (in cwts.) as well as the percentages are given. The former do not

represent the ratio of productiveness of the various areas, since the

amount of lishing was unequal ; but the percentages show the relative

proportions among the flat-fishes.
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the virgin grounds. Thus, in the first three months of 1901 the area of

fishing extended north to 61°, and eastwards to about the lOO-fathoni

line—that is to say, to within about 50 or 60 miles of the Norwegian

coast, while its southward limit (so far as concerns the vessels about which

particulars were obtained) was 57°, except near the coast between 57°

and 56°. The new area in the North Sea which the introduction of the

FlC4. 1. -A Heavy Bag on the Noith-Easteni Grounds.
Opening the Cod-end.

otter-trawl enabled to be brought within the sphere of trawling operations

may be said to be the region between the 50-fathom and 100-fathom line,

or, broadly, about 30,000 square miles. In the three months in 1901

referred to, more than 76 per cent, of the trawl-caught fish was taken

from these deep-water grounds, where none were taken in 1891, or for

some years later.

The influence of this change of ground is indicated in the statistics of

the fish landed, and it corresponds with what was above deduced from

the special information collected. The general statistics, as published,

do not show it, since most of the flat-fishes are slumped together under

the heading "flounder, plaice, and brill," But the statistics of the fish

landed by trawlers at the port of Aberdeen exhibit the great increase in

witches and megrims in recent years and the decrease of plaice. These
statistics, it is to be noted, include fish from all quarters, comprising Ice-

land, the North and "West Coasts, &c., as well as the North Sea; and
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since dabs were included with plaice and niegvims with witches prior to

1897, this combination is maintained thruiighout tlie Talile.*

Year.
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1199 cwts. in 1901 ; cod increased by only 57 per cent., haddocks by
nearly 110 per cent., and whitings by nearly 1100 per cent. The
increase in round fishes may be partly due to the superior efficiency of the

otter-trawl, f^er se, apart from its employment on richer grounds (see p. 119).

What has been stated above in regard to fish caught by trawlers is true

also with respect to fish caught by great-lines, and especially by steam-

liners. These vessels may go considerable distances, and further from
shore than the trawlers, since they can fish in deeper water. In March,
for example, most of those belonging to Aberdeen work in the Atlantic

from 12 to 50 miles, or more, north-west of Hoy, Orkney ; others at the

Faroes and N.E. of Shetland, and others E.S.E., where many fish later.

The shots from the different grounds vary considerably. I give four

examples (in cwts.)—I., 45 miles N. ^ W. from Hoy ; II., at Faroe
;

III., 200 miles E.N.E. of Aberdeen; IV., 135 miles E.S.E. :—
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each of a period of successive years, to allow conclusions to be drawn from

statistics which referred to the whole area respecting change in its pro-

ductiveness ; and that is a condition most improbable.

With regard to this question of the place of fishing, there arc two

points to be considered ; first, the areas which should be chosen for com-

parison, and, second, the means by which the information may be

acquired.

With regard to the first, by far the most important factor determining

the proportional distribution of the various species of fish is the depth of

water. It is not the distance from the shore, but the depth. The fish

obtained, for example, in a small depression of 50-75 fathoms, a few
miles from Aberdeen, where I have carried on trawling experiments,

resemble in kind and proportional abundance those caught in water of

somewhat similar depth south east of the Shetlands. A haul made in 30

or 40 fathoms in the middle of the sea more closely resembles one got

near shore in about the same depth. A subsidiary cause of variation is

the geographical position ; the black or common sole, for instance, is

extremely rare on the east coast of Scotland, even where the depth is

suitable.

Such being the case, the most natural areas would be those representa-

tive of the deptli of the water, and in the North Sea the twenty fathom,

thirty fathom, fifty fathom, and one hundred fathom contour lines might

be selected. The actual areas within these lines are, however, too large

for the purpose, for although the range of migration of the fishes, or the

correlation of one part with another, is not sufficiently well known, there

is little or no doubt tliat the inclusion of such distant parts as the Fisher

Bank and the sea ofl: the coast of Northumberland in the same area would
be Avrong. Extent as well as de])th must be taken into account. In
dealing with the information at Aberdeen, I selected as most convenient

areas of 1° latitude and 2' longitude, which in most cases would probably

answer well.

The precise area to be selected for exhibiting the results is not, how-

ever, of much immediate importance. The chief thing is to determine

and record the place of fi.shing. In ascertaining the place of fishing it

appears to be sometimes supposed that it would be necessary, first of all,

to fix the position and extent of certain areas, and to ask the fisherman

to say which area he had been fishing in ; or to ascertain from him the

latitude and longitude of the place, or to discover if he was fishing north

or south, east or west of a given line. But this is unnecessary, and
would probably be confusing. Every fisherman knows very well where
he is fishing. If near the coast he has landmarks, or it may be compass
and his lead. If at a distance from the coast he steers a course by his

compass, runs a certain distance as determined by his log. ascertains the

depth and the nature of the bottom with the sounding lead, and then

shoots his gear. From Aberdeen, for example, when fishing on the

north-eastern grounds, the practice is for the trawler to run up the coast

to Buchan Ness and then to shape his course to where he has decided to

go, measuring the distance from there ; if he is going east or south-east

the course is steered and the distance measured from Girdleness on
leaving port. All that requires to be asked is

— " What course did you
steer?" The answer may be, "North-east by east, easterly, from Buchan
Ness." " How far did you run r' " 120 miles." "What depth r' " 70
fathoms." The place of fishing can then be marked on a chart, similar

to the one used by the trawler. Obviously, for the purpose of subse-

quently exhibiting the results of a large number of observations, any area

on the chart that is most suitable for the purpose may be selected. It
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may happen that when fishing move towards the north and west land may
be sighted or the Hght of a lighthouse observed and recognised, and this

iorms an additional guide, e.g., " twenty miles south-east of Fair Isle."

In other cases nearer the coast a well-known ground may be stated, as

" Buchan Deeps," " Aberdeen Bank," etc., or it may be stated that the

fish were caught 30 to 40 miles off a given part of the coast, say, Aber-

deen. It is, however, best to obtain the course steered and the distance

run, for sometimes the name of a bank may be used in a very wide
sense, including not merely the bank proper, but the neighbouring parts

of the sea. Tlius, " Fisher Bank " may mean a very large stretcli of sea

in the neighbourhood of the place where that name more strictly applies.

In some cases it may happen that the whole of the catch is not obtained

at the same place, and an additional question to elicit this fact is neces-

sary. As a rule, however, it is, and when it is not, each place where the

catch is got is ascertained—for a course is steered and a distance run to

the new place, where the depth is again determined. On subsequently

charting this information it may be found that the distance separating

one place from the other is inconsiderable, and that they both fall within

the same area selected as a unit. Should this not happen the record is

entirely rejected, for it is not desirable to endeavour to ascertain the

quantity of fish got at each place, which would probably lead to error.

It may be here said that the suggestion sometimes made that the trawling

skipper might himself record the quantities caught is scarcely feasible and
is inadvisable. That information can be obtained much better and more
accurately when the fish are landed—and when a uniform standard can be

applied to transform numbers or boxes into cwts.—either by observation

on the market or from the salesman's books.

There remains the further question, whether or not the information

given by the skipper or fishermen as to the place of fishing can be trusted,

a question concerning which very different opinions have been expressed.

There is no doubt that in certain cases the fisherman does not wish that

the exact spot where he is getting specially good shots should become
known to other fishermen. There is no objection to give the information

except on this score. Such cases in deep-sea trawling are not, however,

so numerous as is sometimes imagined. As a rule, when the fishing is

steady, there is no secret as to where the boats are fishing ; but at some
periods of the year, when the fish shift a good deal, a consideration of the

kind mentioned may prevail, and it will depend upon the probity of the

skipper whether the information as to the place of fishing is altogether

withheld or is made wilfully misleading. In the work at Aberdeen only

a proportion of the skippers have been asked for the information, those

regarded as the most trustworthy being selected, and the promise being

given that the information would not be divulged to others. Cases in

which there was doubt, from the nature of the catch, that a mistake had
been made as to the real place where the fish were caught, were rejected.

Notwithstanding this there may be a percentage of erroi', but there is

every reason to believe it is small, and that the Tables (p. 214) show sub-

stantially the areas in which the fish were taken, the facts agreeing with
the observations made on board trawlers as to the distribution of the

fish.

The information in regard to the place of fishing is, however, so

important from the point of view of determining change in the produc-

tiveness of the grounds, that I think further measures ought to be taken

to extend its scope and to ensure as great accuracy as possible. It ought
to be made compulsory, under due precautions to preserve the fishermen
from detriment, to disclose the place of fishing. At present (in Scotland)

it is compulsory by statute to furnish returns of the fish caught ; and the
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place where tliey are caught is at least of equal importance for the purpose

as the quantity landed. If the trawling skipper was provided with a

form, of the following description, on which certain simple information

was required to be written, and the form was then sealed in an envelope

provided and posted to the central official, all the necessary information

would be obtained, without any expense to him and with complete secrecy.

No. Port of-

Vesscl- Date of Landing

-

Place ok Fishing.—jVote.—If the fishing during the voyage is made at mure than
one place the particulars for each place must be inserted.
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fouud, when this subject has been investigated in a scientific manner iu

each season, that the differentiation of the place of fishing from the

nature of the catch may be made much more precisely, and the extent of

the possible area of capture greatly restricted. A standard of proportional

distribution of this kind would be most valuable. It might be gradually

evolved from the scheme above outlined, the preponderance of the obser-

vations which gave results of a particular and uniform kind enabling

anomalous and mistaken results to be eliminated. It might be done by
sending trustworthy observers on board the fishing vessels, as I am
doing now, to record the place of fishing and the catches. Still better

would be the examination of the grounds by the steamers provided for

scientific investigations, in which case all the conditions could be accur-

ately ascertained.

The Duration of the Fishing Operations.

It is also necessary for the purpose in view to obtain information as

precise as possible regarding the duration of the fishing operations. In

dealing with a large volume of statistics of fish landed by a particular

mode of fishing, e.g., trawling, the number of registered vessels of the

class in question might be taken for broad results—so much fish and so

many vessels. But there are various circumstances which tend to render

this method inaccurate, especially if the question becomes limited to one

or a few ports. Some of the vessels during part of the year may be

engaged in another method of fishing, e.g., lining, by which a different

class of fishes are obtained. Some may be fishing part of the year, or

the whole year, at other ports, or landing their fish at other ports

—it may be in another country—and not at the port of registry. For
some years, for example, a number of steam trawlers registered at Port-

Glasgow, in the Clyde, fished entirely from Aberdeen ; vessels from
Fraserburgh, Granton, Peterhead, Grimsby, Hull, and from foreign ports

land fish at Aberdeen frequently or occasionally, and Aberdeen trawlers

may land fish at English ports. Thus the quantity of fish landed at a

particular port cannot be assumed to have been caught by the vessels

registered at that port, and there is no certainty that the discrepancy will

remain substantially the same in a series of years.

The number of landings, trips, or voyages of the vessels has also been

suggested as a convenient means of supplying the information required,

but it is probably even less satisfactory than the numbers of registered

vessels. The duration of a voyage may vary greatly, from ovei' a month
to a single night, the quantity of fish brought ashore at each "landing "

varying in a corresponding degree from a few cwts. to perhaps fifty or

sixty tons. Thus, the number of landings by trawlers at Aberdeen, the

gross quantity of fish lauded, and the average quantity per landing, in

each of the five last years, were these :

—

Landings.
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Thus, within five years the quantity per landing has increased by 42-9

cwts. Obviously, information of this kind throws no light on the funda-

mental question of the productiveness of fishing grounds, because the

increased quantity per voyage is, without doubt, due not to the increased

abundance of fish but to the greater duration of the average voyage, i.e.,

more fishing. The tendency is for the smaller boats which fish near the

coast, and land " live " fish twice or several times weekly, to be replaced

by larger and more powerful vessels fishing usually in more distant waters

and landing weekly, or at longer intervals.

In dealing with the vessels individually, and when the place of fishing

is ascertained at the same time, no doui)t the duration of the voyage

may afford valuable information, for the time consumed in steaming to and

from the ground can be calculated. But other conditions may interfere, and

especially bad weather, which may interrupt the fishing or compel the

vessel to run for shelter, and it may lie at anchor for days ; and althougli

over a term of years such weather interruptions may be fairly equalised,

they could only be ignored if the number of vessels under consideration

was large in proportion to the total.

It would be much better to ascertain the " number of days fishing,"

but there are difficulties in stating this in a uniform way, especially

with regard to parts of a day ; and the best course is to determine the

number of hours' actual fishing, which can be done by ascertaining the

number of drags. As a rule on the north-east grounds the drags are made

for five hours, the watches being arranged accordingly, but some may be

for four hours, and odd drags may be for three hours or six hours. The

facts, however, are well-known on board, and in the form already described

for indicating the position of the fishing grounds (p. 89) the number of

drags could readily be inserted and the total duration of the fishing opera-

tions, which gives accurately the information wanted.

On one other point information may be desired, viz., so far as regards

trawlers, the length of the headline of the otter-trawl. The length varies

to some extent according, as a rule, to the size of the vessel (p, 120).

This information, however, can readily be procured at the port at intervals,

and at the end of the year it would be easy to strike an average for the

size of the trawls used by the vessels in question. The size of the mesh

is almost always uniform.

With regard to great-line fishing the corresponding information concerns

the length of the lines, and the number of shots actually made during each

voyage ; and this can be readily ascertained in the same way.

The Season of Fishing.

In certain places the quantity of fish, or of particular kinds, may
vary considerably during difterent periods of the year, e.g., haddocks on

the north-eastern grounds in winter and early summer. If, however,

the records are made up monthly changes of this kind will be shown,

and the fishing operations in any area can be contrasted monthly or

annually provided the particulars required and above described are

ascertained.

Conclusion.

Since the ordinary trade or commercial statistics are not fitted to show
the variations in the productiveness of the fishing grounds, it is desirable

that specially organised statistics should be instituted at the principal

fishing ports for this purpose, especially concerning steam-trawlers and
steam-liners. It is necessary that the operations of the individual boat
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should he talcen as a unit, and that throughout the manipulatiou and
condensation of the information referring to a large number of boats

the various factors should be kept separate and distinct—the method of

fishing, the quantities of the various species of fish, the place of fishing,

the duration or extent of fishing, and the season of fishing.

It would be most desirable that all steam-trawlers and steam-liners

should be included in the scheme, the information as to the place of

fishing, and the duration and extent of the fishing operations, being

made compulsory by the filling up of a form, such as is described above,

at the end of each voyage, the particulars as to the catch being obtained

in the ordinary manner at the market, or from the books of the salesmen.

Failing the inclusion of the whole fleet in a compulsory system, the

information should be obtained from as many vessels as possible.

Probably fifty per cent, or even thirty per cent, would suffice to show sub-

stantially the operations of the whole fleet. It would, at all events, in

the course of a very few years, if properly carried out, provide a large

volume of accurate knowledge regarding the variations in the productive-

ness of the fishing grounds, or their impoverishment, which cannot be

otherwise acquired.

I. Investigations on Board Steam Trawlers.

The Inshore Grounds.

The investigations on board steam-trawlers were made in May, June,
July, August, September, October, November, December, and January,
as a rule for about a Aveek on each occasion, the vessels employed being
the " Star of Peace," " Strathcona," " Strathearn," Strathclyde," " Star

of Hope," " Ocean King," " Lochryan," and " Lochnagar." The con-

tents of 155 hauls of the large otter-net were i-ecorded, and 39 hauls

with the small-meshed net were also taken.

The first trip in the territorial waters was made on board the " Star of

Peace," one of the largest and be.st-equipped trawlers, under Captain
Caie, and it extended from 30th May to 7th June, the hauls being
taken in Aberdeen Bay, the Moray Firth, Sinclair Bay, and Thurso
Bay. Compared with the catches made in the previous autumn and
winter, it was found that fish were scai^ce inshore, the number of plaice

and haddocks being very much less. Two hauls, in twelve to sixteen,

and nine to fourteen, fathoms in Aberdeen Bay, on 30th May, occupying
four hours of actual trawling, yielded 214 plaice, of which 213 were
marketable, 208 haddocks, of which 174 were marketable, 219 whitings,

of which 152 were marketable, and a few other fishes. Other three

hauls were taken on 6th and 7th June, the trawling occupying thirteen

hours, with much the same results, the five drags, lasting altogether for

seventeen hours, furnishing the following numbers of fish :

—
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Four thornback rays, thirteen starry rays, eight grey skates, and two
sandy rays were also taken, of which only two thornbacks and six grey
skates were marketable.

Besides complete records of these five hauls, the numbers of market-
able fishes obtained in other nine hauls, occupying thirty-seven hours'

actual trawling, were ascertained, the total marketable fishes in the

fourteen hauls, representing fifty hours' trawling, being as follows :

—

Cofl.
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in from five to fourteen fathoms, and 34 fishes were caught, 26 being

marketable, including two haddocks and twenty plaice. The vessel

then steamed to the Dornoch Firth, where large catches of plaice were
obtained in the previous autumn and winter, as many sometimes as over

two thousand in a four hours' drag. Two hauls were taken in from five

to twelve and a half fathoms, but very few fish were caught, the net

containing chiefly mud and weeds. The first yielded 153 fishes, of which
91 were marketable, comprising 62 haddocks and 26 plaice, and the

second 245 fishes, of which 89 were mai'ketable, including 18 haddocks
and 61 plaice. It is noteworthy that dabs as well as plaice were
extremely scarce on this ground, where they were previously abundant,

the two hauls yielding only 29, of which one was marketable.

Since fishing of this kind was unsatisfactory as well as unprofitable,

the vessel steamed northwards to the Caithness coast, where the net was
shot ofi" Dunbeath in twenty-five fathoms, and towed for three hours at

about that depth. On being hauled no fish were found in the net, and
as it had probably not been working properly another drag for an hour
was made in the same place, but in twenty-two fathoms, the small-

meshed net being put on outside the cod-end. On this occasion about a

quarter of a basket of fish were taken ; they numbered 23, of which 16

were marketable—namely, nine plaice, four lemon soles, and three

common dabs. No haddocks, codling, or whiting were caught. The
contents of the small-meshed net consisted of eight common dabs and
one lemon sole, and did not include a single round fish. The lemon
soles were spawning, one of the ripe males measuring only 131 mm,
(5g inches) ; the smallest female was 13|- inches long. While fish were
so scarce in this haul, the quantity of " jelly-fishes " (chiefly Cyanea)
contained in the net was very considerable, amounting to about twenty
basketfuls. They were present in abundance in the bays and inshore

waters thi'oughout the summer, and it was mainly to this circumstance

that th9 trawl-fishermen (who call them " slithers ") attributed the poor
catches of fish.

Steaming further north, a series of hauls was made in Sinclair Bay,
between Noss Head and Duncansby Head, in from 5| to 17 fathoms,

and here better results were obtained. On 3rd and 4th June five hauls

were made, the actual trawling occupying thirteen hours and forty

minutes, and 2759 fishes were caught, of which 1439 were marketable
and 1320 unmarketable. They are as follows (I. = marketable and
II. = unmarketable) :—

-
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June the vessel steamed round Duncansby Head and shot the trawl in

the afternoon in Thurso Bay, and towed it around in from ten to

twenty-five fathoms for four hours. The catch was very poor, consist-

ing of 115 fishes, of which 53 Avere marketable—viz., one cod, one
haddock, two catfish, twenty-two plaice, and 27 common dabs. Up to

this time the weather liad been very favourable, 1)ut a strorg breeze

from the south-west arose, and the vessel remained at iScrabster until

the following morning, when it steamed to Smith Bank in the Moray
Firth, where two hauls were taken. The first, in twenty-two fathoms,

lasted an hour, and the catch consisted of 333 fishes, of which 181 were
marketaljle. The second haul, on the west edge, occupying four hours,

yielded 539 fishes, of which 374 were marketable and 165 unmarket-
able. The record of the two hauls is as follows :

—
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haddocks, 72 whitings, 27 lemon soles, and 12 megrims. The unmarket-
able fishes consisted principally of the previous year's haddocks (508 in

number), small whitings, and long rough dabs. The vessel then steamed

to Lunan Bay, near Montrose, and shot the trawl in 12 ^ fathoms, the

small mesh being around the cod-end. Sixteen minutes later the net

caught on the bottom, and it was brought up. The cod-end contained

82 fishes, of which twenty were marketable, viz., nineteen plaice and one

lemon sole ; the vinmarketable fishes consisted chiefly of haddocks and
long rough dabs. Although only fishing for sixteen minutes the small-

meshed net contained 2061 fishes, comprising 1916 small herrings, 80

sprats, six haddocks, 35 whitings, 15 common dabs, five long rough

dabs, one gurnard, and three N'orway pouts. Another shot was made,

but in half-an-hour the net again caught on the bottom and was hauled.

It contained 35 plaice and 34 haddocks, all marketable, also a dragonet

and a flounder.

Thereafter the vessel returned to Aberdeen Bay and made two hauls

between Newburgh and the Black Dog, one in eight, and the other in

from six to eleven fathoms, each haul occupying four hours. The
number of mai"ketable fishes (I.) and unmarketable (II.) taken in the

eight hours was as follows :

—
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Eight thornback rays, three of which were marketable, one angler, and
one pogge (Agonus) were also taken.

The vessel then steamed to the south coast of the Firth and made six

drags, occupying altogether 24 hours and 20 minutes of actual trawling,

between Burghead and Hopeman, in depths from six to fifteen fathoms.

Tlie total catch of fish in these hauls amounted to 2451, of which 1031
were marketable and 1420 unmarketable, as follows:

—
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two sprats, and one gurnard. The small-meshed net itself contained

only one small dab, along with several bucketfuls of jelly-fishes. A
considerable quantity of weed was also found in the net after each haul.

After one of the four-hour drags sixty-eight small plaice and four dabs,

all living, were picked out from among the " slithers" and weed and
placed in a tub of sea-watei'. Twenty minutes later it was found that

all the dabs and one of the plaice were dead, and the sixty-seven living

plaice were returned to the sea.

On the evening of the 3rd July the vessel left the Dornoch Firth and
returned to Burghead Bay, but as herring-drifters were at work, the

net was not shot, and we steamed for Kinnaird Head, and then to the

deep water about 8| miles off, shot the trawl with the small- meshed
net in 83 fathoms, and hauled it, fifty minutes later, in 85 fathoms.

The cod-end of the otter-trawl contained 396 fishes, of which 192 were
marketable, comprising three cod, two codling. 111 haddocks, 48
whitings, one catfish, two megrims, and twenty-five witches. The
unmarketable fishes consisted of one codling, 92 haddocks, 66 whitings,

four lemon soles, and 41 long rough dabs. The small-meshed net con-

tained 285 fishes which had passed though the meshes of the cod-end

of the otter-trawl, viz., 11 haddocks, eight whitings, one gurnard,

one lemon sole (5| inches), one common dab, 205 long rough dabs, eight

four-bearded rocklings, sixteen Norway pouts, and thirty-four L^mipenus.

As usual in short drags, the fish were alive when brought to deck, and
many specimens of L^impenus and of the Norway pout were put
into a tub of sea-water. The pouts soon died, but the former, which
were active, vigorous, and hardy, survived, and were landed living at

the laboratory on the 6th. Specimens of both were sent to the British

Museum of Natural History.

The weather hitherto had been calm and clear, but a dense fog came
on which made it difiicult to find the land, and then the vessel returned

to Aberdeen Bay, where four hauls were taken in from 5 j to 20 fathoms
on 4th and 5th July with much better results than on the previous

occasion, and conti'asting also with the hauls in the Moray Firth. One
of the four-hour drags yielded 5829 fishes, of which 2735 were market-
able—or more than double the number obtained in the eight drags in

the Dornoch Firth a few days befoie—and in the four drags, repre-

senting twelve hours and fifty-five minutes' trawling, 14,075 fishes were
caught, of which 6818 were marketable and 7257 unmarketable. The
particulars are as follows :

—
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There were also caught in these hauls 98 herrings, one sprat, two sandy

rays, one starry ray, ten grey skates, three thoi'nbacks, and twenty
anglers, of which the starry ray alone was taken to market. The
number of herrings was unusually large for the ordinary otter net, and
they were all got in one haul. During almost eveiy summer trawlers

working in the deep water to the north-east capture considerable

quantities of herrings.

It is evident from the above figures that the fishing in the bay had
greatly improved from the previous occasion, and at the same time

very few jellyfish were taken in the net. A shoal of haddocks had
evidently come in, and the proportion of small and unmarketable among
them was large. These small haddocks were fish spawned in the

previous year, most of them not being yet large enough for the market.

Three other hauls were made in the bay, of which the records are

incomplete ; but in one of them, which lasted for four hours and ten

minutes, 2424 marketable haddocks were taken, and 224 plaice, and
there were 7| basketfuls of " offal," composed chiefly of small haddocks,

but also containing many whitings and dabs.

The quantity, in cwts., landed as a result of the week's fishing was as

follows :

—

Cod.
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was calm, and as the jellyfish are drifted in masses into certain places

according to the tides and currents, we steamed further north, watching

for the comparative absence of jellyfish, and the net was shot off the

mouth of the Ythan, and dragged for a little over four hours in from
six to ten fathoms. The catch was extremely good, comprising 6924
fishes, of which 1704 were marketable.

Three drags made here, occupying nine hours and six minutes of

actual trawling, yielded 15,061 fishes, of which 3753 were marketable
and 11,308 (chiefly dabs) unmarketable, as follows :

—

Cod.
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Late on the .same night the vessel began operations in the Moi'ay

Filth. The first haul was made on the witch grounds off Lossiemouth,

and yielded 1^ baskets of witches, nine cod, one ling, and a few

haddocks. Five hauls in Burghead Bay, further to the west, in from
five to twenty-five fathoms, gave good results. In one case the net,

when brought to deck, was found to have been torn, and the catch was
relatively small, but in the other four hauls, representing twelve hours

and fifty minutes of actual trawling, 6010 fishes were caught, of which

1382 (chiefiy plaice) were marketable and 3628 were unmarketable.

The particulars ai'C as follow :

—
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One angler was also caught. The small-meshed net, which was used

around the cod-end on this occasion, contained 52 codlings, 280 haddocks,

79 whitings, two ling, seventeen lemon soles (smallest 107 mm., or 4|
inches), 553 long rough dabs, seven bibs, twenty-eight common dabs,

218 Norway pouts (smallest 67 mm., or 2| inches), one pogge {Agouiis),

and one specimen of the silvery pout {Gadus argenteus).

In Aberdeen Bay the net was shot in the evening, in 8| fathoms,

between Belhelvie and the Black Dog, and towed mostly in six and
seven fathoms. It was hauled in four hours, and the bag presented an
extraordinary appearance as it was swung on board, being filled with

jelly-fishes (large specimens of Ci/anea), which protruded from the

meshes. The contents overflowed the fish-pound, and the only fish

present were 120 plaice and a few haddocks. The net was so slimy

that it took five hours towing through the water to make it anything

like clean. Another haul was attempted further noith, in Cruden
Bay, with the same result, a bag of jelly-fishes and two or three

haddocks, and the fishing had to be abandoned. The fish landed on the

22nd, amounting to 6 cwts., realised =£5 4s. 9d. ; they were chiefly from
the ofishore haul.

VI.

The first haul on the next expedition, which was made on board the
" Ocean King," was in 58 fathoms, twelve miles S. by E. | E. from
Aberdeen, on 3rd September, and it lasted for one hour and seven

minutes. Owing to the somewhat rough sea and the rolling and
pitching of the vessel this shot was only partially recorded, but it

included a considerable catch of haddocks, 107 codlings, some lemons,

and one angler. The small-meshed net, which was used, was damaged

;

its contents comprised 103 whitings, 21 haddocks, two codlings, two
bibs, 4G long rough dabs, and fifteen Norway pouts.

In the three hauls in Aberdeen Bay, ofl' Oollieston, Newburgh, and
Belhelvie, in from eight to ten fathoms, the actual time of trawHng
being only four hours and forty-six minutes, the catch amounted to

9345 fishes, of which 6731 were marketable and 9245 unmarketable.
The totals for the three drasrs wei'e as follow :

—
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small fishes, chiefly whitings and dabs, only part of which were
enumerated, and 31 haddocks, four codling, two lesser v/eevers, seven

gemmeous dragonets, two herrings, and one sprat. Some unrecoi'ded

hauls were also taken, and on the morning of the 5th September 78

cwts. of fish were landed, which realised =£63 3s. 3d. The particulars

are as follow :

—

Cod.
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543 fishes, of which 348 were marketable, viz., 25 codhng, 212 haddocks,

two turbot, one plaice, 42 lemon soles, eighteen megrims, 22 witches,

22 common dabs, and four grey skates. The unmarketable fishes con-

sisted chiefly of haddocks, whitings, gurnards, and long rough dabs.

The small-meshed net was torn ; it contained 96 whitings, sixteen

haddocks, two codlings, two four-bearded rocklings, 44 long rough dabs,

one pogge, one Liparis, fourteen common dabs, and one lemon dab.

In Aberdeen Bay five hauls were made in from six to twenty fathoms,

the actual time of trawling occupying thirteen hours and five minutes.

The number of fishes caught was large, viz., 15,453, of which 10,724

were marketable and 4729 unmai'ketable, as follows :

—
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The vessel tiien steamed to the Dornoch Firth, where, in seven hauls

in from seven to thirteen fathoms, the time occupied in actual trawling

being twenty-six hours, 19,176 fishes were caught, of which 13,743 were

marketable and 5433 vm marketable, as follow :
—

r, J Cud-
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prising some thousnnds of fishes, the separation and selection of the
different kinds of fish take a long time, and the small ones are not
reached until the pound is nearly emptied, and most of them may be dead.

Fio. 2.—Showing a Good Catch in the Fish-pound.

The men then " turn in " for sleep before the net is again ready to be
hauled. There is not time, in practice, to pick out the young fishes first,

even if it were possible. If any areas of the territorial waters (to the

shallower parts of which the small plaice are confined) were opened for

trawling for plaice, the best way to protect the small individuals would
be to use a net with large meshes as described in last year's lieport

(p. 66). The same remark applies to the use of seines, so largely used on
the Continent, under appropriate regulations, for the capture of flatfishes.

The November hauls in the Dornoch differed from those in August
also in the entire absence of fiounders from the catches.

The vessel then steamed to the deep water oft' Troup Head, and shot

the trawl, with the small-meshed net around the cod-end, in 95 fathoms.

Owing to the bad weather which had come on the haul was quite

unsuccessful, the trawl-net being almost destroyed and the ground-rope
broken, probably owing to the heavy sea and the tide drifting the vessel

so that the trawl dragged against the hard edge of the south side of the

deep hole.

The total quantity of fish from the Moray Firth landed from this trip

amounted to 150^ cwts., which realised £194 6s. 6d. The particulars

are these :

—

Cod.
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IX.

On 28th and 29th November seveiul hauls were made by the " Star

of Hope." The first was in 68 fathom«, nine miles S.E. by E. from

Girdleness, and lasted for one hour and a quarter, in a heavy sea from
the northward. Only 141 fishes were taken, of which 09 were market-

able, viz., four cod, five lemon soles, three witches, fifty-two haddocks,

and five whitings. The unmarketable consisted mostly of haddocks and
long rough dabs. The small-meshed net, which was placed around the

cod-end, contained 103 haddocks, 889 whitings, five codling, fourteen

sprats, three four-bearded rocklings, one pogge, 22 Norway pouts, and

three anchovies.

Some hauls were then taken in Aberdeen Bay, also with unsatisfactory

results, the catches being very small. For a day or two before the wind
had been blowing pretty strong from the north, and on the 27th and
28th there was almost a gale from the north-v/est. Two hauls, occupying

five hours, in eleven to eighteen fathoms, gave only 633 fishes, of which

269 were marketable, viz., nine cod, sixty-two codling, 122 haddocks,

eleven plaice, six common dabs, eleven lemon dabs, one grey skate, and
forty-seven starry rays. The marketable fishes were chiefly whitings

and starry rays. One of these hauls, with the small-meshed net around

the cod-end, lasted one hour and twenty minutes, and in the latter were

3256 young whitings, seven haddocks, 33 codlings, one saithe, one sprat,

one plaice, one long rough dab, 172 common dabs, and one armed-

bullhead [Agonus). A few other hauls were made with the otter with

no more success, and the quantity of fish landed on the 30th November
amounted to 18J cwts., which realised £13 5s., as follows :

—

Cod.
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Whiting, -
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Steaming to tlie south coast of the Firth, a number of hauls were
then taken in Burghead Bay with much better results. The wind was
N.E., but the swell had much abated. In eleven hauls, of which com-
plete records were made, representing 49 hours 5 minutes actual

trawling, and in depths vnrying from seven to twenty-four fathoms,

10/202 fishes were caught, of which 8399 were marketable. The
catches were noteworthy for the number of fine cod taken, and for the

brill and turbot, and also for the number of anglers and herrings.
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XI.

Another trip was made on the "Lochnagar" from 15th to 21st

January. The first haul was made on the 15th oft' Aberdeen, in 57

fathoms, Tod Head beaiing W. by S., and Giidleness nearly N.W.,
and it lasted for one hour and five minutes, there being a breeze from
(S.W. and a slight swell. The otter-trawl contained only 245 fishes, of

which 83 were marketable, namely, two cod, six codlings, 37 haddocks,

seven whiting, two plaice, one lemon dab, four witches, one megrim, 22
common dabs, and one gi"ey skate. The unmarketable consisted chiefly

of common dabs and haddocks. The small-meshed net contained 1571

small fishes, as follows :

—

Had-
dock.
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S. to N.W., the sea smootli, and the weather mikl. Four shots were

then made ofi" Dunbeath in from eighteen to twenty-four fathoms, the

time occupieil in trawling being sixteen hours and twenty minutes.

The number of fishes taken was 4695, of which 2979 were marketable,

as follows :

—
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The fishing was thus poor, and the vessel returned to the north coast,

where a number of other hauls were taken. Off Helmsdale, in 27

fathoms, where several foreign ti-awlers were working around a " dan,"

three hauls wei'e made, each of four hom\s' duration. The records are

not complete, but the marketable fishes consisted of 2| baskets of plaice,

about a dozen cod, and a few codling and haddocks ; the net was torn,

and there was a strong wind from W.S.W., with a choppy sea. Going
north to ofi" Dunbeath another haul was made, in 33 fathoms, for four

hours, the catch consisting of twelve cod, one basket of plaice, one of

large codling, and six haddocks. The trawl was again dropped ofi'

Lybster in 24 fathoms, and 229 fishes were taken as a result of four

hours' fishing, the marketable numbering 100, including 36 plaice, 25

common dabs, four cod, nine haddocks, and 19 whitings. The
unmarketable consisted chiefly of whitings and common dabs.

The vessel then went to Smith Bank, and di'agged for an hour and a

half, on the east edge, in 24 fathoms. The catch amounted to 57

fishes, of which 47 were marketable, comprising seven cod, two haddocks,

fifteen whiting, one halibut, fifteen plaice, and seven common dabs.

The small-meshed net, which was placed around the cod-end, was lost.

The vessel then returned to Aberdeen, and as a result of the fishing

in the Moray Firth, 64|^ cwts. of fish were landed, which realised £89
4s. Id. The quantities, in cwts., are these :

—

Cod.
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Among the " oiFal " from the hauls on 15th, IGth, and 17th (which
wei-e mixed) were the following :—70 gurnards, 18 haddocks, sixteen

whiting, three hake, one bib (female, 227 mm., ripe), 106 megrims,
eight lemon dabs, eight witches, one common dab, two anglers, two
argentines, fifteen sandy rays, one shagreen ray, and two starry rays.

The scarcity of fish caused the vessel to again shift its ground. The
skipper was trying to strike a place where haddocks were abundant

—

this fish forming the great staple of the north-eastern fishing—and had
not yet succeeded. As I stated in last year's Report, grounds which may
furnish good fishing for many months during winter, and to which the
trawlers go back again and again, may be practically deserted after the

spawning season, the haddocks dispersing, some think, to deeper water,

or rising from the bottom, and it is often only after a good deal of
" hunting " that a place is struck where the fish are abundant. After
touching at Shetland, the vessel on 19th May steamed 53 miles by log

S,E. by S. I S. from the south point of Fetlar Island, Shetland, and
trawled in this locality, in about 63 fathoms, until the 22nd. It was
found afterwards (by log to Buchanness) that during these days the
vessel had gradually drifted northwards while fishing, so that, on the
22nd, it was about sixteen or seventeen miles further north than on the

19th. A large number of hauls were taken on this ground, and much
better catches obtained, but only two hauls were completely recorded.

They represented 5| hours' actual trawling, and the fishes taken
numbered 2510, of which 2005 were marketable, as follows :

—



of the Fishery Board for Scotland. 117

Cod.
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but in the deep watei^ the larger round fishes as hng, hake, cfec, are

always more numerous, and haddocks more steadily abundant. The
difi"erence among the flatfish is more marked and permanent. Plaice,

for example, were scarce sixteen miles ofi:' Fair Isle, and almost quite

absent sixty miles from Sumburgh Head, while in Aberdeen Bay and
Dornoch Firth they abound. Witches and megrims, on the other hand,
are by far the most abundant flat fishes in the deep water. By looking
over the Tables appended to this Report it will be seen that the
difierences in the proportion of the species that exist on a particular

ground, and the presence of some or the absence of others, depend
rather upon the depth of the water than the distance from the coast.

In the deeper parts of the Moray Firth and in the depression off

Aberdeen (the so-called " Dog Hole ") the catches approximate to those
obtained ofl" the Shetlands ; but such deep-water areas near the coast

are very limited in extent.

I have been able to obtain the statistics showing the total quantities

(in cwts.) of the fish landed fi'om each of the trips referred to above,
and they are as follow :

—
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ill Scotland.* By the end of 1896 most of tlie deep-sea Scottish trawlers

were equipped with the new gear ; a year later the beam-trawl was
employed only by the small paddle-boats that worked near the coast,

and in 1898 the otter-net had entirely replaced the beam-trawl. In

1899, when I desired to make comparative experimental hauls with both

nets, I found that beam-trawl gear could not be obtained.

Experience showed that the new net not only was more efficient than

the beam -trawl in capturing a larger aggregate quantity of fish, but that

its success was more mai'ked in taking round fish than flat fish. It was

therefore desirable to determine, if possible, the relative efficiency of the

two apparatus, in order to aid in interpreting the official statistics of the

quantities of fish landed by steam -trawlers over a series of years. These

statistics showed, concurrently with an increase in the number of steam-

trawlers, a rapid rise in the quantities of cod and haddocks in the years

following the introduction of the otter-trawl, and a relatively slight

aggregate increase in the quantity of flatfishes. It is obvious that these

changes might not be due entirely to the use of the otter-trawl, but

might be also caused by the fishing being conducted to a large extent on

different grounds in the years compared.

The methods adopted in order to ascertain the comparative action of

the otter-trawl were partly experimental and partly statistical. The
experiments aimed at determining the distance between the boards

when the net was working on the bottom by (1) measuring the angle of

the diverging warps at the towing-block, (2) stretching a measured and
varying length of net-twine between the boards before shooting the

gear, and noting whether it came vip ruptured or intact, (3) tying

surface-bladders to each board when fishing in shallow water and
measuring the distance between them.

Theoretical considerations make it clear that the distance between
the otter-boards must vary under difierent conditions. The boards act

in a kite-like manner, diverging from one another as they are drawn
through the water, and thus opening and keeping open the mouth of

the net. An increase in the vessel's speed may cause the boards to

move further apart, or diminished speed may cause them to come closer

together. They will also move closer when the net ofiers increased

resistance, as by a heavy bag of fish, the presence of boulders, much
mud, weed or jelly-fishes, &c., or when the ground-rope or the net

catches on the bottom. The action of the net depends upon a balance

of forces and the distance between the boards, that is, the width of the

mouth 01 the net varies with variations in the equilibrium. In the

beam-trawl, on the other hand, the width of the movith of the net is

constant, and is determined by the length of the beam between the

irons. The distance between the otter-boards, while varying as indi-

cated, is, moreover, normally much less than the length of the headline

extending between the boards, and to which the upper part of the net

is attached. At first it appeal's to have been thought that the headline

would be di'awn taut, oi' almost taut, by the lateral pull of the boai-ds,

and the net was then made square at the top on this assumption. But
it was found that the square of the net fell back and hung slack, and
within a year after the introduction of the otter-trawl, the net, instead

of being made square at the top, was made semi-circular or crescentic

by the introduction of top wings on either side. The net- makers allow

about one-third of the headline as forming the semi-circle between the

boaiTls, so that on this supposition in an otter-trawl with a headline of

120 feet the distance between the boards (the width of the mouth of

"Compare, Cutininghara, Jour. Alar, Biol. Assoc, iv., 117. Annual Reports Fishery
Board for Scotland, xiii., p. 143; xiv., pp. vii., 32, 33; xv., pp, 39, 155, 162; xvi., pj).

iv,, 41, 185 ; xvii., p. 183.
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the net) when fishing would be normally 80 feet. At Aberdeen five sizes

of otter-trawl are in use, the size being determined mainly by the size

of the vessel, as follows :

—
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II. Depths 5} to ^ fathoms. Length of warp, 2-10 feet.

(1) Speed at 71 revolutions.

a Apparent dist;ince between boards, calculated from divergence of warjis,

36 feet 6 inches.

I) Distance between bladders, 41 feet.

c String between boards, 34 feet 6 inches, broken.

,, ,, ,, 36 feet, unbroken.

(2) Speed at 109 revolutions.

a Apparent distance between boards, calculated from divergence of warps,

3.5-1 feet..

b Distance between bladders, 37 feet 2 inches.

III. fj?, to 9|^ fathoms. One hour's ordinary drag.
"
h Distance between bladders, (1) 26 feet 8 inches.

(2) 28 „ 9 „

(3) 35 „ 10 „
c Strings between boards.

(1) 35 feet long, came up unbroken.

(2) 38 feet long, reduced by a running hitch to 31 feet 6 inches,

came up with hitch partly run, and measured 33 feet 2 inches.

In order to test the value of the data obtained a beam trawl with

25 feet beam Ava.s also nsed. The bladders were tied to the ends of the

beam and three measurements were taken of their distance apart on

the surface during the drag ; they were as follows—22 feet 6 inches, 23

feet 11^ inches, 23 feet 3| inches, the mean being 23 feet 3 inches.

This experiment showed that the bladders slightly converged. The
trawl was towed at ordinaiy speed, and two warps were used, one at

either end, as with the otter-trawl, in order to test the data obtained

from measuring the angle between the warps. At ordinary speed this

indicated 18-3 feet, or 67 feet less than it really was ; at full speed

the indicated distance apart at the beam was 19'1 feet, or 5*9 feet less

than the real distance.

The data obtained by the above experiments in regard to the spread

of the otter-trawl vary to some extent, but they show, I think, that

the distance between the boards when the net is fishing on the bottom
is less than is usually supposed. According to the calculation assumed
by the net-makers (i.e., the deduction of one-third of the length of the

headline), the spread in the above experiments ought to have been about
42-7 feet. The check experiment with the beam-trawl proves, as one

might expect, that the distance as calculated from the angle between

the warps is unreliable, and that the distance is usually greater than

this method indicates, and anomalies occur. The bladder tests gave

better results, and if we add to the measurements the amount which

the beam-trawl experiment showed was lost by convergence, viz., one

foot 9 inches, the mean distance indicated would be at ordinary speeds

33 feet 4 inches, and at full speed 34 feet 3 inches. But in some
cases the bladders diverged, e.g., the experiments in which the

distance between them was 41 feet, while a string between the boards,

36 feet long, remained unbroken. The most reliable results are, I

think, obtained by the string tests. The string used was the ordinary

hemp twine of which the trawl-nets are made, and while it is strong

enough to resist rupture from pressure by the water, it is, of course,

much too slender to bear a strain from the boards. Cases in which

it is broken are not alone convincing, since its rupture may happen
accidentally, but Avhen it comes up intact it proves that the boards

have not been further apart than its length. In the experiments

above described it remained unbroken when 45, 40, 36, and 35 feet

long ; it was broken when 34 feet 6 inches long, and in the experiment
with a hitch on it it measured 33 feet 2 inches.

It may be fairly concluded that in these experiments the width of

the mouth of the net when fishing was, as a rule, between 33 and 35
feet, although the headline was 64 feet. This would indicate the
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ratio of the width between the boards to the length of tlie headhne to

be as 1 to 1 "9. If the same ratio were appHed to the large otter-

trawls used for commercial purposes, then the distance between the

boards when fishmg would for the five sizes previously mentioned
range about 74 feet, 681 feet, 63 feet, 58 feet, and 47| feet. That
this ratio does apply is, however, uncertain, since the spread of the

net depends upon the size of the boards in relation to the resistance

offered by the net. The boards used by the steam trawlers usually

measure from 10 to 10| feet in length by 4 to 4^ feet high.

Observations were also made to determine the speed at which the

trawl is towed during ordinary fishing. The patent logs on board

were, as a rule, unable to indicate this owing to the slow movement of

the vessel, and the old-fashioned log with a reel and time-glass was
employed. The mean of six observations on one vessel was 3'46 knots

per hour ; the mean of eight observations on another vessel was 2*62

knots, and the mean of three observations on a third 2 "21 knots, the

mean of the seventeen observations being 2*64 knots, or about 2|- knots

per hour. At this rate the extent of bottom trawled over in an
ordinary five hours' drag would be a little over thirteen (13i) nautical

miles, and if the results of the experiments on the spread of the otter-

net of the " Garland " are applied, the largest nets would in that

time sweep an area of about 661,540 square yards, or 136'7 acres.

Under ordinary circumstances four such drags are made in the twenty-

four hours, and in an ordinary weekly trip to the north-eastern

grounds fishing operations are carried on for about five-and-a-half

days. During this time, therefore, the extent of liottom fished over

with the otter-trawl would be approximately 4| (4-7) square (statute)

miles ; but as trawling is carried on in circles or sweeps, and sometimes
around an anchored " Dan '' (a buoy with a flag and lamp) the same
ground may be repeatedly trawled over and the real extent is less.

The bearing of the conclusions as to the width of the otter-trawl

when fishing on the nature of 1 he catch is evident. If the distance

between the boards, or the -extent of bottom over which the ground-
rope moves, is but little greater than the width of one of the lai'gest

beam-trawls, then the quantity of flatfishes taken ought not to be
much greater, since the otter-trawl has no other special advantages
so far as concerns flatfishes. With large round fishes it is difierent.

They are active in their movements and not so strictly confined to the
bottom, and the thick, conspicuous beam of the beam-trawl, moving-

Si or 4 feet above the bottom, must disturb a proportion of them and
enable them to escape capture. The small headline which replaces the
beam is mvich less visible and will disturb them to a less extent. It is

probable, moreover, that the arc formed by the headline does not lie in

a horizontal plane, but slopes obliquely upwards as well as backwards,
and that tlie otter-net fishes higher above the bottom than does the
beam-trawl.

The statistical evidence in regard to the i-elative efficiency of the
beam-trawl and the otter-trawl is derived from the particulars given in

Table II., which shows the detailed catches of a number of steam-
trawlers for a series o^ years. I have been able to ascertain the dates

on which the otter-trawl was substituted foi- the beam-trawl on five of

these vessels, and, omitting the month in which their substitution

took place, I have tabulated the catches for the preceding and succeed-

ing three months and twelve months, in the first of which the beam-
trawl was used, and in the last the otter-trawl. The results are as

follow. In the three months during which the otter-trawl was used
four vessels showed an increased gross catch, and one a slight decrease,

compared with the preceding three months in which the beam-trawl
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was used. In the twelve months all the vessels showed an increased

gross catch with the use of the otter-trawl, compared with the

previous twelve months.
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The percentage of increase in the case of round fish is for the three

months 37"8, and for the twelve months 48'9 per cent., and the relative

indicated efficiency of the otter-trawl in catching round fishes, as com-
pared with the beam-trawl, is therefore 1'38 for the three months and
1*49 for the twelve months.
The decrease in flatfishes, amounting to over 1 1 per cent, in the year,

might be ascribed (1) to the lesser efficiency of the otter-trawl in

capturing flatfishes—an opinion which some trawlers maintain—(2) to

an actual diminution in their numbers on the fishing grounds, or (3) to

a change of the fishing ground in the periods contrasted. The first

supposition is, I think, scarcely tenable, because although the horizontal

spread of the otter-net aj)pears to be less than is generally believed, it is

no doubt somewhat greater, even with the smaller nets vised in 1896-98,

than the width of the beam-trawl which it displaced. Moreover, Mr.
Cunningham, who was at Hull in the summer of 1895 when the

transition from the one net to the other had begun, states that the

otter-trawl "certainly brings in an increased number of plaice."*

The second supposition that the statistics may show an actual

diminution in the number of flatfishes on the same grounds is probably

true with regard to some of the species, but in order to make this

certain one would require to know what grounds were fished over in

the periods under comparison, and this information, unfortunately,

cannot now be obtained. That the decrease in the quantity of flat-

fishes taken by the otter-trawl in the above cases is, at all events to

some extent, due to difierent grounds having been fished over is

evident from what follows.

The more important round fishes are given in the following Table for

the twelve-month jjeriod :—

.
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The greatest increases, it will be obsei'veci, took place among the

larger and predaceous kinds of fish, cod, saithe, hake, and whitings,

while the increase in haddocks, which was by far the most abundant
fish, was considerably less. The substitution of a comparatively slender,

inconspicuous headline in the otter-trawl for the thick beam of the

beam-trawl is no doubt responsible to some extent for the greater

captures of cod, saithe, and hake, even if the headline of the latter were
in a horizontal phxne with the top of the boards, i.e., about the same
height as the beam in the beam-trawl. But the increase is too great to

be explained in this way alone, and it does not, moreover, explain the

much larger percentage increase in whitings compared with haddocks,

although the latter are larger fishes. The fishes named—cod, saithe,

hake, and whiting—are predaceous, and are not so strictly confined to

the bottom as the more purely bottom-feeding haddock. They roam
about above the bottom, and are not infrequently caught in herring drift

or seine-nets, and their capture in relatively greater numbers by the otter-

trawl lends support to the view that the headline in this net rises

towards the centre and foi'ms more or less of an arch. Here again,

however, one is met with the difficulty as to the place of fishing in the

years compared. The increase in cod—which may be as abundant near
shore as in the deep water—is moderate compared with the increase in

hake and saithe, which are more abundant in the latter region.

Among flatfishes, turbot wei«e caught by the otter-trawl in greater

numbers than by the beam-trawl by three vessels and in less numbers
by two, the total by the beam-trawl for the year being 185 cwts., and
by the otter 188|, an increase of about 1| per cent. The quantity of

halibut was small, viz., 83g cwts. by the beam-trawl and 76g cwts. by
the otter-trawl, showing thus a decrease. Brill also declined from 44|
cwts. by the beam-trawl to 19g cwts. by the otter-tiuwl, while dabs
increased from 94 cwts. to 103|; the selection of this fish for the

market is, however, arbitrary and imperfect. The particulars for lemon
soles, plaice, witches, and megrims for the two yearly periods are as

follow :

—
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The evidence on the subject is as follows. The greater part of the

Moray Firth, all of which was closed to trawlers in 1892, was, thi^ough

a legal decision, opened to trawling from 7th January to Ist March
1896, and many Aberdeen vessels fished there during the period stated.

Of the five vessels comprised in my Tables, the statistics referring to

Nos. I. and lY. could not be affected by this circumstance, since the

period in these instances is not included within either of the years

under comparison. No. II. might have fished during February in the
Moray Firth, and Nos. III. and V. during all the time it was open.

Although the whole of the territorial waters within the Moray Firth

remained closed, trawlers fishing just beyond the limit on the south
coast and at Smith Bank and neighbourhood would be likely to catch

more plaice than outside the Firth. An examination of the detailed

Tables (showing each landing of fish) suggests that in February 1896
No. II. was fishing in the Moray Firth, and No. III. in January and
February, and that No. I. was not. The quantity of plaice taken in

the former cases was the largest of any month in the year, and the

catch of this fish by the beam-trawl in these instances is probably
unduly increased by the fishing having taken place on a very favourable

fishing ground.

But besides this temporary fishing in the Moray Firth, it is very
probable that during the first year in which the otter-trawl was
employed some of the vessels fished further to the north-east in

deeper water than they did in the previous year when equipped with
the beam-trawl. It was at this time the extension to the northern
waters ofi' the Shetlands took place, and the increased catches of

megrims, a deep-Avater fish, may be thus explained, as well as, to some
extent at least, the diminished takes of plaice and lemon soles, which
are scarcer there. The degree to which the change of ground afiected

the result cannot be ascertained, but it is certain that it was an
important factor. In this connection it is noteworthy that the catch of

skates and rays increased in the year in which the otter-trawl was used
by 57 per cent. (457^ cwts. against 291 cwts.), and marketable forms
are not much moi'e abundant in deep water than nearer shore.

It is evident from the above considerations that the calculations as

to the comparative efficiency of the otter and beam trawls deduced from
the statistics is unreliable in the absence of information as to the place

of fishing in the two periods. The same objection applies to the calcu-

lations of Mr. Garstang founded upon the Scottish statistics. The best

method of ascertaining the relative efficiency of the two nets is to

employ them simultaneously in a large series of hauls on the same
grounds and to register the results, which I hope to be able to do.

III.

—

Statistics of the Catches of Six Steam-Trawlers Over a
Period of Years.

When I ascertained that there existed at Aberdeen continuous records
of the individual landings of a number of steam-trawlers over a
considerable period of years, I felt that the information contained in

them was likely to afford valuable evidence on a question which has
been so long and so much discussed, namely, the impoverishment of the
fishing grounds in recent years. Two of these records went back to

1885, and others to 1890, and I therefore had the records of six vessels,

including the two referred to, tabulated, so as to show in each case the
number of landings and the quantities of the different kinds of fish

brought to market, per month and per year, throughout the whole
period. This information is contained in the appended Tables (p. 175).
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One of the vessels (No. T.) was engaged in trawling in each month
throughont the sixteen years, the total number of landings being 1004,
and the aggregate quantity of fish landed amounting to 61,232 cwts.

In several of the other cases, however, the trawling was in some years

interrupted, the vessel being engaged for some months in line-fishing

{e.g., No, II., from April -Augu.st, 1892, and March-May, 1893), or in

tishing from English ports ; in such cases the fish are not included in

the Tables. With regard to the difiei'entiation of the kinds of fish it

has to be noted that gradually a greater distinction was made according
to the relative quantities of the diflei-ent kinds and sizes brought to

market as the industry developed. Thus hake are included under
" saithe " until September 1888 ; brill under "turbot" until February
1886; dabs under " plaice " until May 1892; witches under "plaice"
until April 1889, and megrims under "plaice" until July 1892. The
quantity of megrims landed in the early years was comparatively small.

Codling, moreover, appears to have been included under " other kinds
of fish " until August 1887. The classification of the fishes according to

sizes has also become more exact, according to the market requirements.
Plaice of all sizes were grouped together vintil April 1899, when a
distinction was made between " large" and " small," ; in June 1892 an
intermediate class, " mediums," was introduced. Lemon soles were first

divided into lai"ge and small in August 1893; witches into large and
small in April 1889 ; megrims into the same groups in January 1895.

Haddocks were slumped until April 1888, when they were classified as

large and small, the " medium " group (" seconds ") being introduced
in June 1892; recently, it may be said, a fourth class of "extra-
large " has been adopted. Whitings were divided into lai-ge and small
in June 1888.

It is greatly to be regretted that these statistics of the takes of

trawlers are of little or no value so far as concerns the more important
subject, whether or not, and if so, to what extent, and in what way
impoverishment of the fishing gi'ounds has occurred since steam-trawling

was so greatly developed. Their inutility in this respect is owing to the
fact that information is not available as to the grounds on which the
fish were caught in the various months and years ; and in a minor degree
to the use of the beam-trawl in the earlier years and the otter-trawl in

the later years. The latter difiiculty would be removed if the i^elative

efficiency of the two nets in the capture of the various species included

in the Tables was determined.

With regard to the place of fishing, enquiries which have been made
among trawling skippers show in a general way that the fishing was at

first conducted in the bays, the Moray Firth, and the inshore waters
along the coast, and gradually extended further from shore, first in a
southerly and easterly direction, and then to the north and north-east,

and to the west coast. Precise information in regard to the fishing

grounds frequented by the Aberdeen ti-awlers exists, by a fortunate

chance, for the first three months of 1891, and I have obtained similar

information regarding a large number of trawlers during last year,

which shows, as described elsewhere (p. 140), that the area of fishing has
greatly changed in the interval. Moreover, when the trawlers with
whose catches I am dealing began to fish, the greater part of the Moray
Firth, and in the case of two of the vessels the whole of the territorial

waters, vv^ere open to them, and there is no doubt that a considerable

proportion of the fish, especially of the flatfish, was obtained on grounds
which were afterwards closed. It is elsewhere shown how greatly the
proportion of the difierent fishes included in the Tables may vary on
differeiit grounds (pp. 81, 117), and it would be probably but little less
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fallacious to deduce conclusions as to the impoverishment of the grounds
from comparison of the aggi'egate landings from unspecified areas than
from comparison of the detailed catches from the inshore and offshore

respectively.

But while these statistics cannot be used for the purpose mentioned,
they aiford information of interest, irrespective of the grounds on which
the fish were obtained. The trawler No. I., as stated, trawled in each

month throughout the sixteen years, and as it is one of the smaller class

of vessels, its sphere of operations has not extended to a great distance

from the coast. During the whole period the quantity of fish landed

amounted to 61,232 cwts., and of this quantity more than half was
landed in the first eight years, from 1885 to 1891, viz., 32,662 cwts.,

the quantity landed in the second eight years, 1893-1900, being 28,570|
cwts., notwithstanding the fact that after May 1897 the otter-trawl was
employed instead of the beam-trawl. In the early year.s, when trawling

had not been very long carried on, and when the Moray Firth and the

territorial waters were still open, the largest catches were obtained, the

highest aggregate being 5136 cwts. in 1887.*

The total quantity of fish landed in each of the sixteen years by this

vessel was as follows (in cwts.) :

—

1885.
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Year.
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IT.

—

Flat Fishes and Skates.

Year.
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fish at Aberdeen in January 1885, and January and February 1890.

The second period coinprises five months more than the first period,

and this would more than account for the increase in the gross catch.

Omitting the years 1890, 1892, and 1893, the annual quantities of

flat-fishes, round fishes, and the gross catches (which include skates,

congers, and "other fish") areas follow:

—
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caught in the various years no conclusions can be drawn as to the

impoverishment of the fishing grounds.
^ ^ > +i ^

The other four steam-trawlers whose catches are included m tlie

tables began fishing in 1890 and 1891,
_

Trawler No. III. is also a large deep-sea-gomg boat, which

commenced fishing in October 1890, and continued trawling m each

month of the following years, except December 1896, when it was

landing its fish at an English port, and August 1898. This vessel m
the teiT years 1891-1900 landed a gross quantity of 48,558 cwts. of fish

-viz., 22,038|cwts. in 1891-1895, and 26,519| cwts. m 1896-1900.

The former period represents 60 months, and the latter o8 months

and the quantity caught in the second period was greater by 44»i

cwts. The beam-trawl was employed throughout the whole of the first

period, and the otter-trawl in nearly the whole of the second period, it

having been put on board in July 1896.

The aggregate quantities (including skates, &c.) and the proportion

of flat-fishes and round fishes in the various years are as follows :—
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latter period, so that the quantities in the two periods in this case,

notwithstanding the use of the ottcr-trawl after November 1897, must
have been very nearly equal. The quantity of round fishes taken in the

first five years was 15,358 cwts., and in the second five years 16,6951

cwts, the totals of flat-fishes in the corresponding periods being 99471

cwts. and 741 7f cwts. Skates were more than doubled, rising from

4541 cwts. to 1048 cwts.

The proportion of • flat-fishes and round fishes and the aggregate

catches in the various years are as follows :

—
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The otter-trawl was introduced on this vessel in December 1896, and
the aggregate catch in 1897, it will be observed, was the highest of any
year, owing to the increased quantity of round fishes taken ; but the
catches in the following years did not reach the same high standard.
The average catch in the six years when the beam-trawl was employed
(1891-1896) was 4003 cwts., and in the four years when the otter-trawl
was used (1897-1900) it was 4889 cwts., showing an increase in the
latter period of 22*1 per cent. There is, however, no information to

determine how much of this increase was due to tlie greater efficiency

of the otter-net, how much to difference in the place of fishing, and how
much to change in the abundance of fishes on the grounds.
Among round fishes, an increase took place in cod from 3130^ to

62481 cwts., in ling from 196f to 537|, in saithe from 26i to 31 1^ in

hake from 132f to 355f, and in whitings from 230 to 326 cwts.

Haddocks decreased, the total for the first five years being 12,3211 cwts.,

and for the second five years 11,496 cwts.

Among the flat-fishes, turbot, halibut, brill, dabs, witches, and megrims
increased, and plaice and lemon soles diminished. The increase in the
quantity of turbots landed was from 1631 to 2251 cwts., the increase in

halibut was from 30| to 681 cwts., brill increased from 41 to 44^ cwts.,

dabs from 711 to 88f cwts., witches from 135f to 1861 cwts., and
megrims from 17 to 3441 cwts. The diminution in the quantity of

lemon soles was from 15081 to 826 cwts., and the decrease in plaice

from 18921 to 15151 cwts.
^

The steam-trawler No. VI. began to fish in December 1890, and con-
tinued trawling in each month of the ten years except in January 1896,

The first term of five years thus contains one month of fishing moi'e than
the second term. The aggregate catch of this vessel in the ten years

amounted to 52,040| cwts., the quantity in the period 1891-1895 being

23,553§ cwts., and in the period 1896-1900, 28,4871 cwts. In the first

term 19,601f cwts. of round fish were landed, and in the second term
24,541^ cwts., the corresponding quantities of fiat-fishes being 3785gand
3130 cwts. respectively. There is intrinsic evidence from the statistics

that this vessel fished mostly in the deep water.

The totals for each year and the quantities of flat-fishes and round
fishes respectively are as follows :

—
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The increase in cod was from 2843^ cwts. in the first five years to

4383f cwts. in the second five years ; ling increased from 230 to

1051|^cwts., saithe from 140 to 578^, hake from 68 to 850, and whitings

from 186 to 627f. Haddocks also showed a small increase from 16,063|

cwts. to 16,880i cwts.

Among flat-fishes, turbot increased from 78^ to 154|- cwts., halibut

from 16g to 118, brill from 'i\ to 8^, dabs from 19^ to 41, witches from

377^ to 798f, and megrims from 27^ to 617^. Lemon soles decreased

slightly, from 576|- to 536, and plaice decreased fi-om 2686|- to 856 cwts.

It has been already stated that without information as to the places

where the fish were caught in the various years, these statistics cannot

be used in connection with the question of the impoverishment of

fishing grounds. But, putting this aside, and regarding merely the

quantity of fish landed by these steam-trawlers irrespective of the

place of capture or the nature of the trawl used, it will be found that

the aggregate quantity was greater in recent years than earlier. In the

iowv years 1891-94 the four steam-trawlers Nos. III. -VI. landed an
aggregrate of 72,409 cwts. of fish, while in the four years 1897-1900

they landed 86,837 cwts., or 14,428 cwts. more. To those who look

upon the gross supply as the best test of the prosperity of tlie fisheries,

irrespective of how or where the fish are obtained, these lesults must
appear satisfactory. Besides the employment of more eflicient apparatus

and the opening up of new grounds, another factor has helped to

swell the total. It is now customary, as the detailed tables show, to

bring to market the smaller fishes of several kinds, e.g. haddocks, which
in previous yeais used to be thiown oveiboard.

IV.

—

Comparison op the Catches of Steam Trawlers from Different
Areas in the North Sea.

With the view of ascertaining the areas in which the fish were
caught, particulars as to the places of fishing were obtained throughout
last year from a number of Aberdeen trawlers, as explained in the fore-

going pages. The number of vessels which furnished tliis information

was 105, but some of them did so only dvuing a part of the year, while

from others it was obtained during the whole year. The number of

voyages or landings recorded was 1846, out of a total number for the

port of 8390—the percentage thus being 22. Of these 1846 records,

fifty-five were omitted, 22 because the fish were caught outside the limits

of the North Sea (12 Iceland, 2 Faroe, 1 Bay of Biscay, 7 Noith or

West Coast) ;* 25 because the fish were caught at places in two or more
* In order to farnish an indication of how the Icelandic catches affect the statistics,

I append here five consecutive landings in July (in cwts).
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of the areas selected, as explained below, and eight because there was
reason to believe that a mistake had been made in regard to the place

of capture. The twenty-two landings omitted because the fish were
caught in moi-e than one area were all from the North Sea, so that of

the 1838 landings, when the place of fishing was ascertained, 1813, or

98'6 per cent., were from the North Sea. This may be taken approxi-

mately as the proportion of North Sea shots at Aberdeen in 1901,

because although the records were obtained fi'om certain vessels

habitually fishing at Iceland—and the proportion of Iceland shots is

not therefore duly represented—those regarxled (and omitted) as

doubtful were mostly from the North Sea, In the present year (1902)
the pi'oportion is probably less, because of the gi'eater development of

the fishing at Iceland, and apparently also on the West Coast.

An endeavour was made to procure the information as to the place

of capture fi-om a due proportion of the smallei' and larger vessels, i.e.,

those fishing mostly near the coast and those fishing principally at a

distance, and that this proportion was approximately represented is

.shown by the fact that the pei'centage of landings recorded to the total

landings, and the percentage of the fish caught by the vessels in

question to the total fish caught are nearly the same—viz., 21*3 and
21 '6. The total quantity of fish landed by trawlers at Aberdeen in

1901 was 992,167 cwts., and the quantity landed by the vessels included

in the special return was 214,174 cwts.; the average quantity per

landing in the latter case was 119'6 cwts., and among the remaining
vessels 117"6 cwts.

Both from the quantity of fish taken and the number of voyages
it is, I think, evident that the information obtained as to the

productiveness of difierent fishing grounds is likely to be of considerable

value if continued for a seiies of years, since particulars of the duration

of the fishing operations are at the same time recorded. Moreover, the

percentage of vessels from which the returns are obtained—although it

would be better if it were higher—is, I think, sufiiciently high to show
substantially the operations of the whole fleet of trawlei's landing fish

at the port.

The particulars of the place of fishing was ascertained for me by
the collector of tJie fishery statistics, Mr. James Robb, usually in the

form of the coiu-se steered and the distance run by the vessel from port

or from Buchan Ness, this information being placed on a form opposite

the detailed record of the catch, with the date, number of hours fishing,

and the name of the vessel. The entries for each month were then
numbered consecutively ; those which showed the place of fishing to be
beyond the limits of the North Sea, e.g., the North or West Coast,

Faroes or Iceland, were omitted, as were also those in which the fish

were caught at more than one place, if the places were not within the

same area, selected as a unit (see below) and those about which any doubt
existed as to whether the place of fishing had been correctly ascertained.

With regard to the latter, reliance was chiefly placed on Mr. Robb's
great experience both of the catches and of the trawlers, a query being

placed against all entries that appeared in the least doubtful.

In ari'anging the information on charts it was at first supposed that

the number of the entry on the form might be placed on the chart at

the place where the fish were caught, and the forms showing the detailed

catches published. It was, however, found to be impossible, even with

the largest charts procurable, to find room for the numbers in some
areas, and the publication of the detailed landings would occupy a great

deal of space ; while, on the other hand, the information in regard to

any particular area would not be very clearly exhibited. It was thei^e-
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fore decided to divide the North Sea into areas, and to tabiUate tlie

particulais in a condensed, but distinct and separate, form for each

month and each area. The areas selected coincide with the lines of

latitude and longitude on the chart, each equalling one degree of

latitude and two of longitude, the superficial extent thus varying

slightly in different parts of the North Sea, but averaging about

3600 square (geogi'aphical) miles or a little more. The limits of

the North Sea as defined in the International Convention of 1882

have not been strictly adhered to, since on the north and north-

west the boundary line is arbitrai-y. The real boundary, so far as trawl

fishing is concerned, may be placed at the hundred-fathom line, and
this, between 2° W. and 2° 40' E., extends further north than 61° N.,

which is the northern limit under the Convention. The area within the

hundred fathom line to the west of the Shetlands and Orkneys is also

included as far as 3'' 30' W. {see charts). Beyond the hundred-fathom
line the water rapidly deepens and a physical barrier to trawling is thus

introduced. These areas have been found convenient, and on the whole

they correspond fairly well with the variations in depth ; but inasmuch
as the original records contain the place of fishing, apart from its

relation to any area, it will be possible to exhibit the results compai-a-

tively for any larger or smaller area, or for any bank, should experience

show that that would be desirable.

Within the areas assigned it must not be supposed that the fishing-

was evenly distributed, because in some parts the ground may not be

favovirable for trawling, and in certain places, as on the slopes of banks,

fish may be more abundant and fishing operations more extensive. It

may sometimes happen, moreover, that the place of fishing is near the

boundary of an area and in such cases part of the fish may have been

caught in the adjoining area, although this irregularity tends to equalise

itself. Further, a trawler when fishing for a number of days in one

locality and getting good shots may, unless when a dan is anchored for

guidance, drift fifteen or twenty miles from the place where the first

drag was made. But these variations are not of importance. The
object is to show the area or district of the sea where the fish were

obtained, and all that is claimed is that this method shows it sub-

stantially.

In the chart on Plate I. I have represented the various areas in the

North Sea in which the vessels in question caught fish in 1901 and
landed them at Aberdeen. They number thirty ovit of about forty-foui'

in which trawling can be carried on. Some of the ai-eas are however of

very little importance in the returns and may have been visited only on

a single occasion in the course of the year, as in the case of areas

XXXIII., XXXVI., XXXVIIL, XLI., and XLV. These lie in the

southern and eastern parts of the North Sea. In the part of the North
Sea south of 56°, i.e., south of a line between the Firth of Forth and
Ringkjobing, in Denmark, the Aberdeen trawlers in question made only

seven voyages in 1901, and the total quantity of fish landed from these

areas was 671 cvvts. It is evident from this that information regarding

the southern and eastern parts of the North Sea must be sought at other

ports. From the six areas lying between 56° and 57*^ the nvmiber of

landings in the coiu-se of the year was 309, the great majority of which

(257) were in the two areas near the Scottish coast, most of the others

being from the Fisher Bank and neighbourhood. In order to show the

position of the gi'ounds from which the great bulk of the supply was
drawn, I give particulars in the following Table of the areas from which
more than thirty landings were made :

—
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No. of
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XIV. plaice varies from 25"4 per cent, to TO, witches from 80'6 to 332,
and megrims from 51 '9 to 6"2

; in area XV. plaice vary fi'om 0-04 to G'6,

witches from 87'5 to 40*0, and megrims from 42"8 to 0"5 ; in area

XXIII. plaice varies from 57*7 to 12-0, witches from 25-4 to 0-5, and
megrims from 32"2 to 0*8. In order to determine the meaning of these

variations and the fluctuations which occur, it would be also necessary

to ascertain the quantity per haul of the net or per hour's fishing, and
this information is now being obtained.

During the first thi'ee months of 1891 similar information was
recorded regarding the places of fishing of the whole of the steam-
trawlers then landing fish at Aberdeen—65 in number ; and the com-
parison of the results with those in the corresponding months of 1901

is of interest. The total number of landings made in the period referred

to in 1891 was 760, and the quantity of fish landed amounted to 48,969

cwts., an average of 64"4 cwts. per landing. In the three months of

1901 the number of landings or voyages of the trawlers, from which
particulars were obtained, was 644, and the quantity of fish landed was
78,558 cwts., an average of 122 cwts. per landing or voyage, or very
nearly double what it was ten years before.

There were, however, two diflerences of importance in the conditions.

Firstly, in 1891 the beam-ti'awl was alone used, while in 1901 it was
the otter-trawl ; secondly, the grounds were to a very large extent

different, and mostly more distant than 1891, involving longer voyages
and more fishing on each voyage. It is probable, also, that the new
grounds fished over in 1901 were more productive in the gross quantity

of fish taken than the grounds fished over in the earlier period.

The change in the fishing grounds is of interest. The areas from
which the supplies were drawn in the three months of 1891 are shown
in the chart, Plate II., and the corresponding areas in 1901 in Plate

III. It will be seen that in the former period thirteen areas, or parts

of areas, were frequented, while in 1891 fishing was carried on in

eighteen areas, or parts of areas. The extent of the grounds was thus

greater in the latter period. Moreover, while in 1891 seven of the

thii'teen areas of fishing were south of 57" N. lat. {i.e., a line between
Stonehaven and Hanstholmen in Denmark), in 1901 only two were south

of this line, the remaining sixteen being to the north of it. The predomi-

nant region of fishing had been shifted northwards. Only seven of the

areas were frequented in both periods, and one of these (XVII.) only

partly in 1901 . Broadly sj)eaking, the new grounds represent the region

between the 50-fathom and the 100-fathom line, which the introduction

of the otter-trawl enabled to be exploited.

The chief feature in regard to the fishing grounds in the two
periods was thus the transference of trawling into the deeper water to

the north and north-east. Another change that occurred between 1891
and 1901 was the closure of the Moray Firth. The territoiial waters from
Brora in Sutherlandshire to Kinnaird Head were closed to trawlers on
4th July 1887, and the area within a straight line between the Ord of

Caithness and Craighead, near Buckie, was closed on 19th November
1900, and the whole Firth, from Duncansby Head to Rattray Point,

on 22nd November 1892. In 1891 the greater part of the Firth was
thus open, comprising about 1500 square (geographical) miles, most of

which was excellent trawling ground, between twenty and fifty fathoms,

and including Smith Bank. Thus, on the one hand, from the closure of

these grounds and the abandonment of the grounds south of 57° N. lat.

(areas XXX., XXXI., XXXII., XXXIV., XXXVL), which are also in

from about twenty to about fifty fathoms, and, on the other hand, from the
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predominant fishing between fifty and one hundred fathoms northwards,
one would expect a very difl:erent representation of the fishes, and
especially the llat-fishes, in the two periods. About 76 per cent, of the
fish landed in the three months of 1901 were from the new grounds in

which trawling had not been carried on in 1891 ; and about 60 per
cent, of the fish landed in 1891 were from the areas not fished over in

1901, the great bulk coming from the Moray Firth.

The total quantities, and the percentages of the gross catch, of the
principal kinds of fish landed in the three months of the two years are
as follows :

—
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different kinds of fish. The otter-trawl, moreover, enabled the deeper

parts of certain of the areas to be explored in 1901 where the beam-
trawl could scarcely be used in 1891 ; and the areas were worked over

in very different proportions in the two years. In both, most landings

were made from XXIII., viz. 329 in 1891 and 180 in 1901 ; while 101

landings were made from the other inshore area, XXIX., in 1891, only

9 were from it in 1901. On the other hand, the more distant areas

were more frequented in the later year ; thus only one voyage was
made to XIII. in 1891 as against 17 in 1901, and three to XXIY., as

against 26 in 1901. As it stands, the average per landing for cod was
4-0 cwts. in 1891 and 8-3 in 1901 ; for haddocks, 20-3 cwts. in 1891 and
36-2 cwts. in 1901; for ling, 0-12 cwt. in 1891 and 2-3 cwts. in 1901

;

for whiting, 0'6 cwt. and 23'5 cwts. r(!spectively ; and for turbot in the

two years, 0"7 and 0*3
; lemon soles, 2'4 and 0'9

;
" plaice, dabs, and

megrims," 6'8 and 4'8
; and witches, 0*2 and 1'4 cwts.
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Table III.

Plaice.

M.

Witches Mejjrims.

81-2

92-2

41-4

63-4

Total.

2269-3

2268-1

4537-4

14-4

11-2

2.5-6

4-4

9

13-4

711

400-6

23J

2-4

1-4

27-2

61-4

21-4

11-4

94-4

1-5

1-4

29-4

32-5

277-625

73-7

228-7

580-3

3-4

-4

2i

52

15|

8-2

-4

16J

116

59

34-4

19i

171

91-2

42-6

5-4

40.^

17|

37-2

5.3

51-6

21-4

47-6

26-4

3-2

9

75

16

16-6

14-4

4-1

32-2

4i

7-4

19-8

lli

252-925

2058-616

1081-5

1471-1

347-6

248-3

75-7

19-4 334 1-6 92-1 131-2 33 50-2 43

12f

1

3

1-2

1-2

.2

6

•4

10-6

10-6

4-4

37-6

6-

13-6

12

1-2

3-2

1-1 8-4

4-6

87-6

113-11

91-6

70-4

27-4

-4

9

m
63

244-2

128-2

3-2

1-2

12-2

51-

76-

31U-0

163-1'

4-2

3-6

5-2 12-6

3-4 16-4

19

57i

51J

186-6

52-6

3

12

28-3

30-7

40-625

100

103

7-4

94

-4

10-

133-6 468

16

12

430-6

27

53-4

80-4

570-6

2248-53

3925-

9493*

3976-1

487-2

209-3

189-2

572-3

231-4

407-2

Including 6 cwts. Lvlhe.
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NORTH SEA INVESTIGATIONS.

No Date.

1901.

Jan.

Feb.

March.

April.

May.

June.

July.

Aug.

Sept.

Oct.

Nov.

Dec.

Feb.

March.

April.

May.

June.

July.

Aug.

Sept.

Oct.

Nov.

Dec.

"o c
6 O.C

47

9

14

5

8

S

3

1

3

7

21

12

138

550

845

635

270

9.j

310

585

1715

845

42SJ

117J

215i

42-4

135-6

145-4

38-4

23'

95-2

101-2

300

149-6

1793-4

60

185

185

145

220

270

895

185

4

87

7

31-4

10

44

39

31-4

149-2

34()i

94

51|

23-5

91-

84-6

30- -2

15-4

29-6

39-2

172-4

106-2

1084-4

211-6

267-2

65-6

226-6

230-2

68-6

38-4

125

140-4

472-4

256

2878

230^

96i

123i

20-4

64-

70

14

6

24

42-4

107

46

844-3

430-2

52-6

13-4

4-4

104-2

41-4

10-2

52-

42-4

36-4

202

40-4

541-2

I-';

99 S

3

15-4

3

12

13

49-4

14-4

QQ

79J

56

72i

14-

42

95

24

14

39

33

111

107

687

213-7

1

25

46

12

3

1

C

79

2-4

E.L.

C-2

2313S

568

1179^

150

221

463-4

274

69

178-4

674-4

1745-6

698-6

8536-2

3-4

29

726

47

132

172-4

164

231

62

877-4

256-4

677

1831

275i

51-6

92-4

195-4

8'

17-4

34-4

169

461

215-4

2460-2

952|

281

481|

132-2

158-

260-

112

30

41

119-4

320-4

291-2

3180

3943-4

1032-6

1936-4

334

471-4

919

473

110-4

254

963

2533-4

1207-4

14184 -G

413J

135i

216

51

55-6

75-

39

5

44-4

116-2

230-6

228-4

1610-4

2697-4

6i

127 i

1

51

15

23-4

31

16-4

207-6

15

183

5-2

32-

17-4

21-2

35

20

150-6

87-2

567

50-4

1036-4

53-2

215

205

208-6

297

98-4

1238-

421-2

3823-6

30-4

30

191-4

23

366-2

30i

6J

14-i

-3

4-5

13-3

7-

'•2

12-:

11-6

111-2

1-2

10-

1-3

1-1

XXI. March.

Oct.

23

12

3-4

27-4

14-2

3-6

24

3-4

1

180.1

96

12

27

9-2

215-4

121-2

20-

3

1-4

-1

38-4 45-4 28-4 288-4 356-6

XXIII Jan.

Feb.

March.

April.

May.

June.

July.

Aug

Sept.

Oct.

Nov.

Dec

109

42

29

52

32

2

15

21

12

43

26

39

1552

1344

75

1052

735

389

1158

661

1014

381i

229 J

154|

271-2

137-4

8

163-2

128-2

62-G

137-2

110-6

150-4

1935

229j

93

40J

54-6

49.

3-6

42-4

54.

34

117-4

159-6

120-4

999-3

611-1

322-4

195-4

326

186-4

11-6

205-6

182-2

96-6

254-6

270-4

271

2934-3

202

68

20:

22-4

44-

66-

48-4

46

37

25-2

31-4

613-7

56-

7-4

8-4

42-4

15-4

14.

14-4

12.

2.

8

190-3

1240J

2235

841

59

160-2

4-4

261

180-6

147

294-6

133

216-4

4 3005-6

639i

100

351

36

85

4

114-4

99

55-4

116-4

57-2

135-2

1477-6

1891 i

3101

82*

136

305-2

20-4

169-2

257-6

213-6

906-6

398-6

572-

5264-2

3771-2

634-2

202-4

231

550-4

29-

544-6

537-4

416-

1318

589

924-2

9748-2

417J-

97

3S|

62-4

51-

7-4

23-2

103-2

115-4

133J

144-

195-2

1388-5

26|

13J

10

18-1

14-3

21-

10-1

12-3

18-7

9-1

163-2

.-2

4-

1-2

1-1

1-7

-4

-4

30-6

* f owt. medium
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NORTH SEA INVESTIGATIONS—

SI)
O c

Hate.
I o;s

XIII.

XVII.

1891.

Feb. 13 14

Jan.
I

50 1
26'

Keb. 78
I
M5

Maroh. | 71 |
1159

199 1971

97 364

152 (597

66 1225

XXII.

XXIII

Jan.

Feb.

March.

315 2286

92

99

1173

XXIV.

Jan.

Fel).

March.

JIarch.

188

329

XXV. Jan.

Feb.

XXVIU

259^

166

286

711.1,

112

133

1040

1285

Haddock.

1139

3276

4218

Whiting.

27

315 S

890

1315

1301

95

5571

591^

296i

381

1269

.Ian.

Feb.

March.

XXIX. Jan.

Feb.

March.

39

XXX.

XXXI.

XXXII

XXXIV

Jan

Feb.

441

112

9

165 J

Feb.

XXXVI

Jan.

Feb.

Feb.

March.

61

108 S

4

173),

1051

220:

13

339

8633 2520i

14541

4166

5533

11,1531

24

15i

264

351

5300

5915

1500

14031

1723

140

194

1534

1868

404 37

545 18

6834 38

HrS

511 1091

7783

46261

603

4501

489

15421

2103

1854

2212

93

118

46

IS

97 26

135

53

18

6169

399

112

762

9

101

322

5761

35

9331

121

863

984

24
I

206

1341

413i

14

562

4561

990

49

90

136;

39i

2651

36

16

277

293

14951

332

14 73

20|

52i

11





I

^

6 95
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III.—A COMPAEISON BETWEEN THE COD {Gad^is callarias,

Linn.), THE SAITHE ((^ar/ws virens, Linn.), AND THE LYTHE
{Gadus pollacMus, Linn.), IN RESPECT TO CERTAIN EX-
TERNAL AND OSTEOLOGICAL CHARACTERS. By
H. Chas. Williamson, M.A., D.Sc.

(Plates IV. XL)

INTRODUCTION.
This research has been undertaken as part of a review of the species of

tlie Cod family. Tliat a revision of the Gadidfe is required is patent to

anyone who has had to deal with some of the rarer forms. The
re-examination of the different species was not in the first place under-

taken with a present expectation that a reconstruction of the classification

may l)e required, but rather with the view of finding a certain number,

as few as possible, of external characters which would sufhce for ready

discrimination.

While for the mere diagnosis of species the gauging of the external

characters would suflrce, the study of the osteology, of which these

characters are the external expression, follows as a natural sequence.

The osteological part of the paper has been limited to the bones of the

head.

No general deductions are made in this paper regarding the classi-

fication, since these would only result when similar data regarding the

other Gadid species are available.

The fishes examined were obtained from the following sources. Most
of the cod and saithe were procured from the Aberdeen Fish Market ; one

or two specimens of each were captured in the salmon-nets in the Bay of

Nigg. Some of the lythe, which is a comparatively rare fish, were

obtained from the two sources of supply mentioned above. Several were

got by Dr. Fulton, during his trawling experiments off the coast of

Aberdeenshire, and in the Moray Firth ; two from St. Andrews were

furnished by Professor M'Intosh, while a considerable number were sent

from Girvan (Firth of Clyde) by Mr. R. Duthie, Fishery Officer.

External Characters.

In the selection of the external characters by which the species are to

be compared, the observer has an absolute freedom. Certain characters

demancl immediate attention by their prominence as distinguishing marks
between species. But, at a rule, any and all measurements are of value

as tests either of agreement or of difference.

A proportion of the fishes upon which the measurements of the

external characters were made were immature specimens.

Owing to the small number of fishes included in this investigation the

measurements have not been treated by the Biometric method. The
three forms have been compared by means of the averages of the

characters.

The fiiUowing external characters have been adopted :

—

I. Girth, at three points, viz.

—

(1) PectoraJ, just behind bases of ventral fins.

(2) At anus.

(3) At root of tail.
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II. DoRSO-Ventral Heiuht, at three points, the same as th(j3e selected

for the girth measurement.

III. L. Fins. Length of Paired Fins.—
(1) Ventr. Lengtli of ventral hii, measuring from the bases

of the fin-rays to the tip of the longest ray.

(2) Pect. Length of the pectoral hn, measuring from the
• base of the first fin- ray to the hind edge of the

fin.

IV. Greatest Height or Breauth of Unpaired Fins.

V Tail Kami—
(1) I. dorsal. Length of the dorsal ramus of tail, measuring

from the base of the most anterior caudal rays

to the tip of the dorsal ramus.

(2) /. ventral. Ditto of ventral ramus.

(3) Spread, or the greatest breadth (dorso-ventral measurement)

of the tail. For this purpose the tail is not

spread out to its fullest extent, but is simply

allowed to drop on to the measuring-board.

VI. Eye. Horizontal diameter and vertical diameter, as measured
from one edge of the orbit to the other.

VII. Interorbital Space.

VIII. FlxV-RAYS—
1 D, 2 D, o D. The number of tin-rays in the first, second, and

third dorsal fins.

1 A, ,i A. The number of fin-rays in the rst and second

anal fins.

IX. Vertebr-E. The number of vertebrae.

The following characters, x.-xxi. inclusive, have been recorded as pro-

jections on the lateral axis. The lateral axis is a line drawn from the

most anterior point of the fish to the middle of the tail fin.

X. I. Snout.—The length of the snout, viz., from the tip of the pre-

maxilla to the anterior border <jf the orbit.

The remaining characters are all measured from the most anterior

point in the fish, i.e., in the Cod the tip of the premaxilla, and in the

Saithe and Lythe the tip of the mandible.

XI. Projection op Mandible.—Distance l)etwcen the tip of

mandible and the tip of premaxilla.

XII. Eye.—Distance from the most anterior point of the fish to the

anterior border of the orbit.

XIII. Ventr. /.—Distance from anterior point to the base of outer

fin-rays.

XIV. Op. cl.—Distance from anterior point to the top of the

opercular cleft.

XV. Pect. ./'.—Distance from anterior point to the base of top ray of

the pectoral fin.

XVI. Anus.—Distance from anterior point to the anterior border of

anus.

XVII. 1 D, 2 D, 3 D.—Distance from anterior point to the beginning

.... and end of base of the first, &c., dorsal fins.

XVIII. 1 A, 2 A.—Distance from anterior point to the beginning

.... and end of the first and second anal fins.

XIX. Base of Tail.—Distance from anterior point to the beginning

of the tail fin

—

d dorsal edge, v ventral edge.
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XX. Rami of Tail.—Distance from anterior point to tlie dorsal {d)

and ventral (/;) tips of the rami of tail.

XXI. Lateral Line.—Beginning of Bend. Distance from anterior

point to the level where the lateral line begins to turn upwards.

In addition to the foregoing the following two vertical measurements
were made in connection with the course of the lateral line

:

—
XXII. (1) Ht. Bend at Anus. (2) Ht. Bend at P. /.—Height of the

bend above the line of the straight caudal portion of the lateral

line, (1) at the level of the anus, (2) at the level of the base

of the pectoral fin.

Measuring Board.

A board similar to that used in the research on the Mackerel (Eight-

eenth Annual Report of the Fishery Board, pp. 295 and 297) was
employed in the present case.

The measurements have been made in centimetres. The equivalents in

the English standard may be readily got from the following examples :

—

2-5 cm. =1 inch : 15 cm. =6 inches: 30 cm. = l foot.

45 cm. =1 foot 6 inches : 75 cm. =2 feet 6 inches : 100 cm. =3 feet 3 inches.

Conversion op the Measurements into Percentages.

The measurements were converted into percentages of one standard

length, viz., the total length of the fish. The total length of the fish is

the distance from the most anterior point (viz., in the cod the tip of the

premaxilla, in the saithe and lythe the tip of the mandible) to the

extremity of the middle ray of the tail. The middle rays of the tail do
not project directly backwards, but are inclined a little downwards. The
dimensions represented as percentages of this standard are given in

Tables I. (Cod), II. (Saithe), III. (Lythe).

(Table.
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Table IV.—Cod, c? & $.

Number of Fin-rays and Vertehrce.

No.
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Table VI.

—

Lythe, 6 & $.

Number of Fin-rays and Vertebrce.

No.
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The Averages.

The average of the percentages for each measurement was calculated,

and is to be found in the bottom line of the Table. Owing to the com-

paratively small number of fishes which have been examined it has not

been considered advisable to calculate the fluctuations of the means of

the various dimensions. Tliere is also the further point, that it would

have been preferable that the same homologous standard of length had

been adopted. In the case of the cod the measurements are from the

tip of the premaxilla, in the saithe and lythe from the tip of the

mandible. As the averages are used for a means of comparison between

the three species as to their external characters, the averages in the case

of the saithe and lythe have been corrected so that they represent in

Tables VII. and VIII. the distances measured from the tip of the pre-

maxilla, converted into percentages of the length of the fish measured

from the tip of the premaxilla to the extremity of the middle ray of the

tail fin. This operation has resulted in very little change in the saithe

quantities, the greatest difl:erence (viz., reduction) not exceeding "5. In

the case of the lythe the reduction is as great as 1'2. In five dimensions

only is there a reduction of as much as 1, viz., distances of ventral fin,

opercular cleft, pectoral fin, anus, and the beginning of the first dorsal fin.
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Table VIII.

Length of the Bases of the Unpaired Fins represented as Percentages of
the Length of the Fish, taken from the Tip of Premaxilla to end

of Middle Ray of Tail.

Spccie.'i.
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The Eye :—The eye of the lythe is much larger than those of the cod

and saithe. In the two latter the eyes are of the same size, and the

horizontal diameter slightly exceeds the vertical diameter. In the lythe

the vertical diameter is a little larger than the horizontal.

Interorhital Space

:

—Very few measurements of this character were

made, but these show a distinctly broader interorhital space in the cod

and saithe than in the lythe.

Length of Snout

:

—AH three differ from one another in the length of

the snout. Shortest in the saithe, it is a little longer in the cod than in

the lythe.

Projection of Mandible :—The mandible of the lythe projects in front

of the premaxilla on an average twice as far as it does in the saithe.

Distances from the Tip of the Premaxilla.

Ventral Fin

:

—The base of the ventral fin is in each form further

forward than that of the pectoral, and is also slightly in front of the

top of the opercular cleft. In the saithe the ventral fin is situated at

about the same level as in the lythe, and in both of these species it is

anterior to its position in the cod.

Opercidar Cleft

:

—The opercular cleft occupies the same position in

the saithe and the lythe, considerably in front of its situation in the cod.

Pectoral Fin

:

—A relation similar to that found in the case of the

opercular cleft, exists in res^ject to the position of the base of the pectoral

fin. In the saithe and lythe, in which they are at the same level, they

are in front of that of the cod.

Amis :—In the position of the anus the three species differ from one

another. In the lythe the anus is furthest forward ; next comes the saithe,

aod behind it again the cod. The anus has in each a definite position

with respect to the first or second dorsal fin. In the lythe and saithe it is

below the first dorsal ; but while in the former it is perpendicularly below

the anterior half of the first dorsal fin, in the latter it lies below the

posterior half of the same. In the cod the anus is vertically below the

anterior half of the second dorsal fin.

First Dorsal Fin :—The first dorsal fin begins further forward in the

cod than in the saithe, and in the latter it is in front of the same in the

lythe. As in all three species the first dorsal fin ends at about the same
level, their bases are correspondingly greater the further forward the fins

begin. Thus the bases of the first dorsals measure—cod, 13'4
; saithe,

irS; lythe, 10-2 per cent, of the length of the fish respectively.

Second Dorsal Fin :—The second dorsal in the cod and saithe begins

sooner than in the lythe. In the cod it ends first, next in the lythe, and
last in the saithe. The bases of the second dorsals measure—cod, 19"9

;

saithe, 22-7
; lythe, 19"7 per cent, of the length of the fish.

Third Dorsal Fin .-—This fin commences earlier in the cod than in the

lythe, and in the latter a little in front of the level of its beginning in the

saithe. It ends in a corresponding order. In the saithe it comes con-

siderably further back than in the other two. The base of the fin

measures—cod, 13*9
; saithe, 13*3 ; lythe, 12-2 per cent, of the length of

the fish.

The length of the finless peduncle, that is, the interval between the

end of the third dorsal and the beginning of the dorsal edge of the tail

fin, is—cod, 2*5; saithe, 3'2
; lythe, 3*5 per cent. In the lythe and

saithe it is longer than in the cod.

First Anal Fin :—The same relative positions which were found in the

case of the anus, naturally hold good with respect to the beginning of the
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first anal fin. It commences furthest forward in the Ij'the, next in the

saithe, and furthest back in the cod. It ends soonest in the cod, then in

the lythe, and last in the saithe. The lengths of the bases of this fin in

the three species are—cod, 17-8
; saithe, 27 ; lythe, 30-4 per cent, of the

length of the fish.

Second Anal Fin

:

—In the cod and the lythe the second auals begin

together, and in front of that fin in the saithe. This fin ends first in the

cod, next in the lythe, and last, and that at a considerable interval, in the

saithe. The base of the fin measures—cod, 11-8; saithe, 12-9; lythe,

12'6 per cent, of the total length of the fish.

The fiuless part of the peduncle (ventral edge) measures in the cod 2-7,

in the saithe 3-4, and in the lythe 3'3 per cent.

Base of Tail

:

—The base of the tail is further forward in the cod than
in the lythe, and in the latter it is in front of the same part in the saithe.

The dorsal and ventral origins of the tail are at about the same level.

Rami of Tail :—The, rami of the tail, both dorsal and ventral, in the

lythe and saithe project behind the ends of the middle rays of the tail.

In small cod, e.g. 46 cm., they project a very little beyond the middle
rays, but in adult cod the middle rays project the furthest back. The
tail then in the adult cod is rounded gently outwardly ; in the saithe and
lythe it is forked. It is much more deeply forked in the saithe than in

the lythe.

The condition in the cod might be imagined to result from the

condition in the saithe by a forward transference of the rays of the

dorsal and ventral lobes of the tail. All the dorsal fins and the

second anal fin of the cod are carried further forward than in the

saithe. The hind extremity of the first anal also occupies a more
anterior position in the cod than it does in the saithe. The further

posterior position of the anus in the cod simply reduces the length of the

first anal fin. So that we have in the cod an anterior transference of the

unpaired fins, to such an extent that the lobes of the caudal fin, which in

the saithe project backwards into two prominent rami, now occupy a

position in which their hind edges project little or none at all behind the

tips of the middle tail-rays. In the lythe we have an intermediate con-

dition. In this form the third dorsal, first and second anal fins, and the

bases of the caudal fin are well in front of those parts in the saithe. The
fork in the tail is thus much shallower than in the saithe.

Lateral Line :—The lateral line in all three forms is straight in its hind

third, i.e. from the base of the tail fin forward to about the middle of the

first anal fin. In this region it begins to bend upwards. In the cod and

lythe it turns rapidly upwards, and runs in a curve forward to the level

of the pectoral region. In the saithe it begins to rise near the hind end

of the first anal fin, and proceeds very gently upwards in a straight line

to its greatest height in the pectoral region. The point at which the

lateral line turns upwards is furthest forward in the lythe, next in the

cod, and furthest back in the saithe. In the lythe it rises more rapidly

than in the cod, and at the anus it is further up on the side of the fish

than it is in the cod and saithe, but just over the base of the pectoral fin

it is highest in the cod, next in the saithe, and least in the lythe. The
height of the lateral line at these two points is measured above the level

of the hind straight third of the line.

The Vertebrae.

The cod has the smallest number of vertebrse, viz., an average of 5 TO,

while the lythe has an average number of 53 "4, and the saithe an

average of 5 4' 8 vertebrae

.
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Day* gives 51 as the number of the vertebrse of the cod. In the

"Scandinavian Fishes" the number is stated at 51-54 for the cod,

54-55 for the saithe, and 53, 54 for the lythe. According to Jordan and
Evermann,t the saithe has 54 vertebroe.

Fin-rays.

(Table, page 241.)

\st Dorsal:—The cod and the saithe have practically the same number of

rays in the first dorsal fin, viz., averages of 13'9 and 13 '8 respectively,

while the lythe has an average of 12 '8 rays.

'2nd Dorsal

:

—In respect to this fin the cod and lythe approach one

another closely, having averages of 18'9 and 19'1 respectively, while that

of the saithe is 21*4 rays.

3rd Dorsal

:

—Cod and lythe again resemble one another with respec-

tive averages of 18-8 and 18'1, while in the saithe the average is found

to be 21 -1 rays.

1st Anal :—lu their average number of rays the saithe and lythe, with
27 '1 and 29 '7 respectively, are more nearly related to one another than

to the cod, in which there was an average of 21 -6 rays only.

2nd Anal

:

—In the cod and lythe the averages are 17'8 and 189
respectively, while that of the saithe is 21*7 rays.

It has been shown above that in certain characters two of the forms

approach each other closely, while they are separated by an interval from
the third species. Saithe and lythe resemble one another in the greatest

number of characters, but there are, however, certain dimensions in which

each of them is more nearly related to the cod than they are to one

another.

The inter-relationships are set out in the following scheme. The first

two forms are in each case the closely-allied species, and the characters in

which they exceed, and those in which they are less than, the third form

are given in detail :

—

fGirth (at Anus) : D.-V. Height (at

I

Anus) : Projection of Mandible : d.

> Cod -<^ (distance) of beginning of 3 D. : Fin-

I

rays (1 A.): I. (length) of base of

Saithe and Lythe, ( ^•

ri., Ventral Fin : Greatest height of all

^, , J Unpaired Fins : d., Ventral Fin

:

]
d., Opercular Cleft : d., Pectoral

^ ^ Fin : I. of base of 1 D.

r ^ Q -fK f
Glii'th (Pect.) : I., Pectoral Fin : d.,

I

^ ^^"-^^^^
\ end of 1 D.

Cod and Lythe, -^ .
^^ ^^^ ^^ 2 D. : d., end of 3 D. : d.,

< Saithe,^ beginning and end, 2 A. : Fin-rays,

t 2 D., 3 D., 2 A. : l, base, 2 D.

r_ T i.1 r Interorbital space: I., base of 3D.:
I

> Lythe,
I j,i^.,^^y3^ 1 \)_

Cod and Saithe, -<(

I T ^i, [ C^irth (at Tail) : Height of Tail :

^< Lythe,
I DiJeter of Eye.

* "The Fishes of Great Britain and Ireland," London, 1880-1884.

t "The Fishes of North and Middle America," Pt. iii., B}dl. U.S. Nat. Museum,
Washington, 1898.
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By means of the characters which were selected, similarities and more or

less prominent differences between the three species have been brought out.

But since in a large number of these cases the differences are of small

amount, and require therefore rather minute measurement, they are not

of much value in a specific description. The specific description should

contain nothing more than a sufficiency of characters to ensure the dis-

crimination of the form. These should, moreover, be obvious and readily

marked characters. In certain works the specific descriptions are ex-

tremely cumbersome, and so overloaded with detail that it is a matter

of some difficulty to diagnose the species of a fish by their aid.

For the characters of the Family Gadid^, and of the Genus Gadus, we
may adopt the description given in Smitt's "Scandinavian Fishes,"

Stockholm, 1893, Part I., viz :—

Fam. Gadid^.

Body elongated, comioressed, clavate or fusiform, and covered with

tJmi cycloid scales. Caudal fin distinct from the other vertical fins. Jaws
furnished with teeth. Gill-openings large ; hranchiostegal membranes
more or less completely free from the isthmus. Pseudohranchue wanting,

or glandular. Air-bladder and pyloric appendages generally tuell-

developed.

Genus Gadus.

Three dorsal fins, all fully developed, and two anal fins. Peduncle

(finless part) of the fail distinctly marTied of. Ventral fins normal,

with 6 rays. Jaw-teeth and vomerine teeth present. BrancMostegal
rays 7.

Specific Description.

It is not my purpose to give a complete specific description of the three

species, since they alone of the members of the genus Gadus are under
consideration. A few characters by which they may be readily separated

will be given below.

Barbel.—In most systematic works it is stated that the lythe has no

barbel. That is true so far as it refers to an external barbel. Beneath

the skin, however, the cartilaginous basis of the barbel may be found on

dissection. {Vide b. Fig. 29, PL I.) The saithe has a very small barbel
;

that of t)ie cod is large and prominent.

Saithe (Gadus virens).—Parnell, in his "Fishes of the Firth of

Forth," divided the saithe into two species, in one of which, Merlangus
carbonarius, the mandible projected in front of the premaxilla, while in

the other, Merlangus virens, the upper and lower jaws were of equal

length. The form which he described as of the latter species measured

10 inches (25 cm.), and was no doubt a young saithe. In the young
saithe the upper and lower jaws are of about the same length, while in

the adult saithe the lower jaw projects in front of the upper.

The scheme given below includes certain readily gauged characters,

sufficient in number and importance to enable the three species to be

easily separated :

—

[Table.
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Plate VIII.—Cod, Fig. 7: Saithe, Figs. 5, 8, 11 : Lythe, Figs. 6, 9, 10.

Chamctci:
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The dorsum of head and body is of a deep blacTc colour, which has a

green tinge. The belly and lower part of the sides are white. There
is a golden sheen over the belly and the white parts of the side. The
ventral fins are coloured white and pink. The lateral line is a broad
white streak in its whole length.

Lythe.—Two lythe measuring 73 cm. male, and 39*8 cm. female, were
examined immediately after capture.

The dorsum is of a dark olive colour. This colouration does not

extend further down the sides of the abdomen than the highest part of

the lateral Hue. The sides below that level are whitish. Behind the

anus the dark olive colour gradually envelops the whole side.

A golden network is spread over the dorsum and down over part of

the white side.

The lateral line is dark and not prominent.

The above descriptions of the colours of the three species agree well

with those given in Smitt's "Scaudiuavian Fishes."

Anatomical Difference— Urinary Bladder.

In the cod there are two lobes to the urinary bladder : in the saithe

and lythe the urinary bladder has no lobes.

The ureter leaves the kidney at a point well behind the level of the

anus. It passes down on one side of the swim bladder, and is con-

tinued forward lo dilate into the urinary bladder close to the rectum.

The ureter does not always pass down on the same side of the swim
bladder.

Cod.—Of 5 males examined, the ureter was in two cases on the light

side of the swim bladder, and in three, on the left side of the same.

Of 5 female cod, in three cases it was on the right side, and in two
on the left.

Saithe.—Of 8 males, in five the ureter was on the right side, and in

three on the left.

Of 4 females, it was in one on the right side, and in three on the left

side.

Lythe.—Of seven males, the ureter came down on the right side of

the swim bladder in two cases, and in five cases on the left side.

Of 19 females, it was in fourteen cases on the right side, and in five

cases on the left side.

These figures will be more readily followed in the accompanying
Table.

Sex.
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Xote on the Eejjroduction of the LijtJie.

In May a male measuring 50"5 cm., and a female measuring 43"7

cm,, were immature. A female measuring 87-8 cm. was in June spent.

In September a female 72 cm. in length had a developing ovary, and in

December two males measuring 71 and 73 cm. were almost ripe.

According to Mr. Duthio, a few ripe lythe are captured during March
in the cod nets at Girvan.

For other data regarding the spawning of the lythe, see M'Intosh and
Masterman, "British Marine Food-Fishes," London, 1897.

OSTEOLOGICAL DIFFERENCES.

In addition to the description and measurement of the external

characters, this research has included a comparison between the three

species in respect to the form of the bones of the head.

The osteology of Teleosteans has been treated by a large number of

'authors, the names of whom it is not necessary here to mention. It is

not the purpose of this paper to enter upon the general morphology of

the skull, but simply to institute a comparison between the bones of the

head of the three Gadids, Cod, Saithe, and Lythe. It is, moreover, not

intended to cover the field of development. All the desci-iptions are,

unless expressly stated otherwise, made upon the skeletons of large

specimens, of which the following is a list :

—

r Males, measuring 82*7, 85 "4, 94, 95.5, 102 cm.

Cod <^ Females, measuring 92-7, 103'5 cm
[ Disarticulated Bones of Skull—male, 95-5 cm.; female, 89 o c??i.

j
Males, measuring 88-5, 88-9, 90, 98-2, 98-7 cm.

Saithe
"I

Females, measuring 87"5, 90, 96'2 c??i.

I
Disarticulated Bones of Skull—male, 91-1 cm.; female, 90 cm.

Males, measuring 70"6, 71*4, 75, 86 cm.

Lythe ^ Females, measuring 76-4, 78'4, 78-4, 78-5, 82-9, 878 cm.

Disarticulated Bones of Skull—male, 69'6 cm.; female, 85'3 cm.

Since no very evident indication of sexual differences in the skulls of

any of the species was made out, the contrasting points which are de-

tailed are to be regarded as bearing value quite independent of sex. A
considerable amount of variation exists in the skulls of any one species,

and difierences due to individual variation were found between fishes of

one sex, of as great amount as there were between those of different

sexes.

In instituting the comparison it will be necessary to traverse ground

which has been already well opened up—viz., in connection with the

osteology of the cod. This is a type which has been much studied ; it

has been treated in detail by Owen.* So far as I am aware, no detailed

description has been given of the skeletons of the saithe and lythe. The
osteology of the haddock {Gadus xglefnus) has been exhaustively treated

by St. John Brooks.t

As might be inferred, the bones of so closely allied species as the three

Gadids here treated are on the whole very similar, and the differences

are in many cases those of detail. In Plates IV.-XL drawings or

photographs of all the bones described are given.

*Huntcriaii Lectures II. Lectures on the Comparative Anatomy and Physiology of

the Vertebrate Animals. Pt. I. Fishes. London, 1S46.

fThe Osteology and Arthrology of the Haddock {Gadus a:glrfiiius). The Scieniijic

Proceedings of the Roi/al Dublin Sociely. [Read, 1883.1
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The terminology which I have followed is with one or two exceptions

that adopted by Giinther* and Boulenger.f

The descriptions are made on the bones of the left side of the fish.

Skull.

Vieio from Above.

Cod, Fig. 31, PI. V. : Saithe, Fig. 33, PI. V. : Lythe, Fig. 34, PI. V
In the case of fishes of equal length the skull of the cod is larger and

more massive than that of the saithe, while that of the latter is greater

than the skull of the lythe. Seen from above, the skulls much resemble

one another. One point of considerable importance separates the skull

of the cod from the other two, and that is that while in the former the

front edge of the ethmoid is exactly above the anterior edge of the

vomer, in the saithe and the lythe the ethmoid is situated well behind the

front edge of the vomer ; so that in the view from above nearly all the

upper surface of the expanded portion of the vomer is seen.
*

Another point of dilTerence is in the shape of the frontal. In the

lythe the anterior end of the frontal is almost square across, in the cod

and saithe it is more tapered and pointed. The ethmoid in the cod has a

superior surface of considerable length and breadth ; but in the saithe it

is reduced to a short, sharp ridge. In the lythe it is broader than in the

saithe. The hind portion of the ethmoid which articulates with the

frontal is continued backwards in the latter bone as a distinct broad

ridge, extending back to the foramina. In the saithe such a ridge is to

be traced, but in this fish it is not prominent, while in the lythe it is

absent.

The two large foramina in the frontal show certain differences. In the

cod and saithe they usually end anteriorly in a narrow angle, though
sometimes both ends are rounded. In the lythe they are kidney-shaped,

and are on the whole wider than those of the cod and saithe : anteriorly

they are turned outwards and have their margins rounded. The posterior

end is distinctly wider than the anterior. Not infrequently the shape of

the foramen is altered by little bony processes which arise from the

margins. In the lythe and saithe the foramina are deep, their hind

margins being high. In the cod they are shallow.

The lamellae which form the grooves which lodge the sapraorbital

canals differ in the three species. In the cod the lamella is broader than

in the other two ; and in the lythe it is distinctly higher than in the

other two. The lamellae of the two sides gradually approach each other

as they proceed anteriorly, until they reach the anterior ends of the

foramina in the cod, and from this point they turn outwards very

slightly, and then bend inwards, being separated at the front end of the

frontal by about the same distance as at the level of the foramina. In the

saithe the lamellae approach one another a little more closely at the

foramina than they do in the cod. In that region the groove formed by
the overhanging lamella is converted into a closed bony canal by the

presence of a vertical plate connecting the outer edge of the lamella with

the main part of the frontal. In the lythe the lamellae, after approaching

close to one another about the middle of the foramina, bend sharply

outwards, and then inwards toward the median line. The vertical wall

of the closed canal, however, is continued outwards to the anterior outer

corner of the frontal, making a very wide funnel-like mouth to the canal.

* Gunther. The Study of Fishes. Edinburgh, 1880.

t Boulenger. Catalogue of the Perciform Fishes in the British Museum, 2nd edition.

London, 1895.
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In the cod and saithe the mouth of the canal is small in comparison to

that in the lythe. The space in front of the foramina and between the

edges of the lamellii? is in the cod fairly flat, though it shows a distinct

median ridge, the continuation of the process from the ethmoid, and on

either side of that a shallow longitudinal groove. In the saithe and
lythe, however, there is a broad, deep depression between the prominent

edges of the lamell?e. In the hind portion of the frontal the lamella is

seen to be two-layered. This is apparent only at its posterior end,

where the lower layer appears projecting from below the upper. The
posterior edge of the upper layer is irregular, but may be traced to a

connection with the beginning of the ridge in the parietal. In the cod

this may be made out in only a few skulls, but the two layers are very

distinct in the saithe and lythe. In the lythe there is a larger portion of

the lower layer free from the upper layer than in the saithe.

The outer edges of the frontals in the cod and saithe are only slightly

curved inwards over the orbit : in the latter more so than in the former
;

but in the lythe there is a deep incurving in that region.

The occipital spine is a continuation of a prominent ridge or spine on

the frontal. In very few specimens is the anterior portion or origin of

the frontal spine perfectly median : it is usually deflected to one side or

the other. In the cod this spine ends anteriorly at some distance behind

the two large foramina. In the saithe it begins at the hind border of the

foramina, and is to be traced still further forward as a ridge between the

two cavities. In the lythe, in which the septum between the two
foramina is much broader than in the saithe, the forward continuation of

the spine is not always well marked, but may usually be traced. In the

cod, however, in front of the origin of the spine, and between it and the

hind borders of the foramina, there is a depression which sharply defines

the front extremity of the spine.

On the posterior portion of the frontal there is on either side of the

frontal spine a ridge running from the angle between the spine and the

lamella, backwards and outwards. It practically bisects this angle, and
is continued directly into the ridge on the parietal, which further back

rises into the crest of that bone. In the saithe and lythe this ridge is

very well marked : in the cod it is with difficulty made out, since the

ridge on the parietal is reduced to a mere line. The frontal and parietal

are dovetailed into one another. In the saithe a broad, and usually long,

dovetail of the parietal is inserted in the posterior border of the frontal,

between the spine and the oblique ridge, while a process, which is a

continuation of the ridge on the frontal, runs backward and well up the

ridge on the parietal. The same condition exists in the lythe, but
generally the ridge process is much shorter than in the saithe. The same
general arrangement of interlocking may be followed in the case of the

cod. In two saithe skulls (male) the frontal ridge processes rose at their

extremities into crests, which projected above the level of the adjacent

parietal ridge. In the posterior external corner of the frontal there is a

notch, in which lies the superior suborbital. This notch is deeper in the

cod and lythe than in the saithe. The anterior margin of the notch

meets the adjacent part of the edge of the frontal in a sharp corner in the

lythe : in the saithe it is broadly rounded. In the cod the front margin
of the notch projects backwards over it.

The crests of the parietals in the saithe and lythe are very large. They
are directed upwards and outwards. In the cod they are small flat

triangular processes covering the foramen for the exit of the nervus

lateralis. In the saithe and lythe the under surface of the crest is pierced

by this foramen.
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The prfefrontals show certain differences in the three species. The
neck formed by the two pTa?frentals, just in front of the frontal, is

comparatively narrow in the saithe, and much broader in the lythe and
cod. The external edge meets the posterior surface in a sharp angle in

the lythe, whereas in the saithe this corner is rounded ofl'. The articular

surface at this corner which receives the upper angle of the prseorbital is

much larger in the saithe than in the lythe. In the cod this articular

surface is very large and cut deeply into the edge of the bone. In its

anterior corner, too, the cod shows a prominent projecting facet for

articulation with the "handle" of the palatine. These expansions

shorten and define the neck of the praefrontals. These articular surfaces

in the saithe and lythe are not noticed iu the view of the skull from

above.

The upper surface of the paroccipital in the cod is short and broad,

curved distinctly downwards and backwards : in the saithe it has a long

narrow surface, the bone projecting posteriorly in a long narrow angle

;

in the lythe the condition is intermediate between the cod and the

saithe.

The paroccipitals are borne ou the ends of the lateral expansions of the

supraoccipital. The shape of the crescent form of the lateral expansions

on either side of the occipital spine is of some moment. In the lythe it

is a broad gentle arc ; in the saithe it is a deep bend, of irregular outline.

The latter condition is due to the shape of the paroccipital, which is in this

species bilobed to a slight degree. In the cod the crescent is very

shallow. The angle between the lateral expansion of the supraoccipital

and the occipital spine is much more acute than in the other two. The
posterior wall of the cranium is brought further posteriorly in the lythe

and cod than in the saithe.

The squamosal in the cod ends in a broadly-rounded extremity in the

saithe in a sharp point, and in the lythe in an intermediate condition.

View from Below.

Cod, Fig. 35, PI. VI. : Saithe, Fig. 36, PI. VI. : Lythe, Fig. 37, PI. VI.

The vomer and the parasphenoid in the cod are much stronger and broader
than those of the saithe and lythe. In respect to the vomerine teeth certain

important differences are to be noted. In the cod the tooth-bearing area

is a broad chevron band. It has four to five rows of teeth, those on the

posterior border and at each end of the chevron being larger than the

others. In the saithe there is a narrow band similar in shape to that of

the cod, but the teeth are very minute. They are arranged generally in

two or three rows, and the teeth increase a little in size as they recede

from the apex of the bone. Sometimes the band of teeth is not

continuous ; in certain cases there is a break at the apex which may be

free from teeth. In the lythe there is not a complete chevron-shaped

tooth-bearing area. The teeth, which are arranged in two rows, are much
larger and much fewer in number than those of the saithe. The teeth in

the hind row are larger than those in the outer. Not infrequently there

is a small apical patch of teeth separated from the rows of teeth on each
side.

The ventral surface of the parasphenoid in the cod is flattened ; and the

flat area extends forward to the end of the suture of the vomer. In the

saithe the flat area is very sharply defined, although not so broad as in the

cod ; it narrows as it approaches the end of the long suture of the vomer,
and in some cases is reduced to a ridge before it reaches that point.

There is a slight groove in the flattened area just ventral to the prootic in
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the saithe. In the lythe the flattened area is restricted mainly to the

part of the parasphenoid forming the floor of the cranium. Before it

reaches the level of the anterior border of the orbi to-sphenoid it is

replaced by a sharp ridge which splits anteriorly to receive the long

insertion of the vomer.

The different shapes of the pra?frontals noted above are noticeable in the

view from below. Thus the outer oblique border of this bone in the

lythe and cod is turned a little more outwards than in the saithe. This

refers to the part in front of the pr?eorbital articular area, the anterior

edge of which is much higher in the lythe and cod, and so gives a greater

bend oiitwards to the edge in front of it.

The cranium as seen from below is broader and more rounded in the

lythe and cod than in the saithe.

Side View.

Cod, Fig. 38, PI. VII.: Saithe, Fig. 39, PI. VII. : Lythe, Fig. 40, PI. VII.

In tliis view of the skull, the shape of its anterior extremity is seen to

vary with the three species. In the cod it is practically vertical to the

long axis. The front edge of the vomer lies exactly under the anterior

surface of the ethmoid, which articulates with the cartilage situated

between it and the adjacent parts of the premaxillaa. In the saithe the

front edge of the ethmoid slopes upwards and backwards at about an

angle of GO'* ; and while in the cod the angle between the upper and

front surfaces of this bone is practically a right angle, in the saithe this

angle is rounded off. In the lythe the front edge slopes backward a little

less than in the saithe. The main mass of the ethmoid is thrown
further back towards the frontals in the lythe and saithe than in the cod.

The anterior portion of the skull is more depressed in the former two than

in the latter.

The interorbital space is more highly arched in the lythe than in the

saithe and cod. The posterior edge of this large space is formed by the

prootic and the ascending part of the parasphenoid which unites Avith

that bone. In the cod and lythe this portion of the parasphenoid is in

line with the lower edge of the notch of the prootic, whereas in the saithe

they meet in a fairly sharp angle.

A very marked point of difference is seen in the side view of the

frontal-occipital spine. The frontal spine in the cod is low and runs very

gradually upwards into the occipital spine. In the saithe and lythe the

frontal spine is much higher and is convex in outline superiorly. Just

at a little behind the point where the frontal fuses with the occipital

spine there is an inbending in the upper edge of the spine.

In three skulls of saithe, lythe, and cod of equal length, that is

measuring from the tip of the vomer to the hind edge of the basi-

occipital, the occipital spines extend backwards to about the same level.

The hind edge, however, in the saithe is longer than that of the lythe or

cod, since in the latter the supraoccipital and the hind portion of the

exoccipital come farther posteriorly than they do in the former. In the

lythe the exoccipital extends backwards to the level of the articular

surface of the basioccipital, while in the saithe it ends some distance in

front of it. In the cod there is an intermediate condition, the

exoccipital coming farther back than in the saithe and not quite so far as

in the lythe.

In the cod and lytlie the squamosal bends downwards much posteriorly,

and to a distinctly greater degree than in the saithe. The high parietal
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crests of the saithe and lythe are very prominent, while their little flat

representatives in the cod are not by any means conspicuous.

The long posterior free end of the squamosal unites with a process of

the opisthotic. In the saithe this latter process does not extend back-

wards to the tip of the squamosal ; it stops some distance short of it. In

the lythe and cod the process of the opisthotic extends to the end of the

squamosal, and together they form a broad expanded end to the double

process. In the saithe the process of the squamosal projects backwards

well beyond the hind edge of the supraoccipital ; in the lythe it just

reaches that level, and in the cod a little beyond that point.

The side of the bony canal on the front part of the frontal is seen in

side view to be much higher in the saithe and lythe than in the cod.

One important difference between the skulls of the saithe and lythe on

the one side and the cod on the other is in the shape of the parasphenoid.

When the skull is looked at from the side it is seen that the ventral edge

of this bone is in the cod practically straight, while it is distinctly

curved in the saithe and lythe. Thus if the skull of the cod is placed

resting on its vomer and basioccipital, the whole of the parasphenoid is

quite above the table. But in the case of the saithe and lythe, the skull

would rest on the vomer and the parasphenoid, while the basioccipital

would be raised up clear of the supporting plane, the part of the

parasphenoid which is directed inferiorly most is that part just below the

prootic. This condition is shown in Plate VII., though in the case of the

skull of the saithe the beud in the parasphenoid is usually greater than

in the case there reproduced.

In a side view of the skulls slightly from above it is seen that the

posterior vertical edge of the paroccipital, which with part of the upper

posterior edge of the opisthotic and the upper outer edge of the

exoccipital forms the outer posterior edge of the part of the cranium con-

taining the auditory organ, is almost vertical in the cod, having a slight

forward slope, and in the saithe slopes well forward. In the lythe there

is an intermediate condition between these two.

Hind View.

Cod, Fig. 41, PI. VII. : Saithe, Fig. 42, PI. VII. : Lythe, Fig. 43, PI. VII.

The hind lateral expansions of the supraoccipital overhang the exocci-

pitals, thus forming depressions in the hind wall of the cranium in which

are lodged the anterior dorsal trunk muscles. In the lythe the depres-

sion is shallower than in the cod, and in the cod shallower than in the

saithe.

The cranium is more broadly rounded below in the lythe and cod than

in the saithe.

In the hind view the parietal crests of the saithe and lythe are seen

projecting above the paroccipitals, but they are hidden in the cod.

Disarticulated Skull.

Vomer (V,),

Cod, Fig. 30, PI. IX.: Saithe, Fig. 11, PI. IX.: Lythe, Fig. 29, PI. IX.

There is little difference, in addition to that of size of the teeth, to be

noted between the vomers of the three forms. This bone is in the cod

much heavier and more massive than that in the saithe and lythe.
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Ethmoid (E.).

Cod, Fig. 42, PI. IX.: Saithr, Fig. 6, PI. IX.: Lythe, Fig. 21, PI. IX.

Attached to the base of the ethmoid there is a large mass of cartilage,

which is received into the hollow in the upper surface of the vomer, and
the long tapering hind end of which passes liackwards into the hollow
extremity of the parasphenoid.

The sutural area of the ethmoid with the frontal is in the saithe and
lythe broad : in the lythe the sutural laminse are short ; in the saithe the

central laminai are long thin plates. In the cod the sutural area is

narrow, but the projecting laminse of the ethmoid are as long as or longer

than those of the saithe. In the case of one saithe, a female measuring
90 cm. in length, the sutural area was reduced to one long central thin

lamina, with a few short lamella? applied to either side of it, and
projecting laterally, but separated from the central group by a short plain

interval, was a slightly toothed sutural process.

Frontal {¥.).

Cod, Fig. 37, PL IX. : Saithe, Fig. 1, PI. IX. : Lythb, Fig. 16, PI. IX.

With respect to this bone, the differences noted in the description of

the skulls were most prominent. The median portion of the hind border

projects farther backwards in the cod than in the saithe and lythe. The
low frontal spine also serves to distinguish the former from the two
latter ; while the highly-arched plates which form the grooves for the

supraorbital canal differentiate the lythe from the saithe, in which they
are comparatively low.

Supraoccipital (s. Oc).

Cod, Fig. 39, PI. IX. : Saithe, Fig. 2, PI. IX. : Lythe, Fig. 17, PL IX.

The height of the spine on this bone of itself separates the cod, in which
it is low and usually somewhat massive, from the saithe and lythe, while

the larger angle between the spine and the lateral arms of the supra-

occipital in the case of the cod and lythe separates them from the saithe.

In the saithe and cod the disarticulated supraoccipital ends anteriorly in

a much finer point than in the lythe.

Basioccipital (b. Oc).

Cod, Fig. 48, Pl.IX. : Saithe, Fig, 13, PL IX. : Lythe, Fig. 27, PL IX.

The neck of the basioccipital is rather narrower in the saithe and lythe

than in the cod. There is some difference between the three species in

respect to the structure of the upper surface of the bone. In the lythe

there is a deep cavity running up between the two large hollows in the

internal surface of the bone : in the cod there is in this region a wide
depression filled up with loose bony matter.

Parasphenoid (p. S.).

Cod, Fig. 51, PL IX. : Saithe, Fig. 15, PL IX. : Lythe, Fig. 30, PL IX.

The points of difference in the parasphenoids have been noted in the

description of the skulls. In the saithe and lythe the anterior end of the

R
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bone is straight, whereas in the cod it is turned well up. The para-

sphenoid of the cod is readily separated from those of the saithe and lythe

by its greater thickness and strength.

Prefrontal (pr. F.).

Cod, Fig. 46, PI. IX. : Saithe, Fig. ]0, PL IX. : Lythe, Fig. 25, PI. IX.

Rising from the upper surface of the prefrontal there is a process to

which is attached a cartilage ligament, which is united in front to the

hind part of the ethmoid, and to a similar process on the prefrontal of the

opposite side. This process is very small in the lythe ; in the cod and

saithe it is large It forms part of the wall of the olfactory foramen, and
the anterior lateral part of the frontal rests upon it.

In the cod the part of the bone which articulates with the base of the

ethmoid is very broad : in the saithe and lythe it is small. The anterior

part which articulates with the vomer is also bound to the large mass of

cartilage below the ethmoid. In the saithe and lythe the anterior inner

part of the bone which meets the same part of the prefrontal of the

opposite side is broadly curved to the base of the sutural process which

is inserted into the parasphenoid. It is shorter in the cod, being reduced

in size through the larger prefrontal-ethmoid sutural area.

Postfrontal (pt. F.).

Cod, Fig. 44, PI. IX.: Saithe, Fig. 8, PL IX. : Lythe, Fig. 23, PL IX.

The postfrontal articulates with the frontal in front, with the orbito-

sphenoid below, with the squamosal and prootic behind, and with the

parietal superiorly. The free part of its posterior side forms the anterior

edge of the articular socket which receives the head of the hyomandibular.

Part of the upper edge of the prootic shares in forming the lower edge of

the same, while the main articulating surface is on the squamosal.

In the postfrontal one point of difference between the cod and the

other two species is in the shaj)e of the upper anterior angle, which lies

beneath the hind corner of the frontal at the notch in which is situated

the head of the fifth suborbital. In the cod the corner of the postfrontal

is triangular, whereas in the saithe and lythe it is rounded.

In the cod the bone is united to the prootic by sutures in the whole of

the region in vvhich they are in contact, but in the saithe these two bones

are only united by a few sutures at the posterior end (and even these may
be absent), while the remaining portions of their edges are smooth, and

simply bound together by cartilage. In the lythe there is only an inter-

mediate portion free from sutures, both ends being serrated for

articulation.

In the case of the orbitosphenoid, in all three species tlie outer layer of

the postfrontal lies over on the upper part of that bono without there

being any very close union.

The part of the postfrontal which is seen in the top view of the skull is

small in the lythe, a little larger in the saithe, and largest in the cod.

Sijuamosal (Sq.).

Cod, Fig. 45, PL IX. : Saithe, Fig. 9, PL IX. : Lythb, Fig. 24, PL IX.

The squamosal overlaps the postfrontal in front ; it articulates with

the prootic below, with the opisthotic below and behind, and on the
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inside with the parietal and paroccipital. Eetween the postfrontal and

the squamosal there is a large depression filled with cartilage ;
this forms

the anterior part of the hyomandibular aocket. The upper rim of the

socket in the squamosal stands well up from the surface of that bone in

the saithe and lythe, whereas in the cod the rim is low and sometimes

absent. The bone-fold on the upper surface of the squamosal which

shields part of the infraorbital canal, ends posteriorly, in the cod and

lythe, just about the level of the hind margin of the hyomandibular

socket, whereas in the saithe it comes well behind that point. The

extreme breadth of the bone-fold is in the lythe greater than in the

saithe. In the cod the end of the corresponding bone-fold of the frontal

overlaps for a bit the anterior extremity of the fold of the squamosal ;
in

the saithe and lythe they meet, and simply the extreme edge overlaps.

The articulation of the squamosal with the paroccipital is a cartilaginous

union. In the cod these two bones are, in the region of the union between

them, semi-cartilaginous.

Orhitosphenovl (Or. S.).

Cod, Fig. 43, PI. IX. : Saithe, Fig. 7, PI. IX. : Lythe, Fig. 22, PI. IX.

The orbitosphenoid is a little semicircular bone inserted between the

frontal, postfrontal, and prootic. It is seen only in side and ventral views

of the skull. The two orbitosphenoids are connected together by a carti-

lage which is closely applied to the lower surface of the frontal.

Prootic (pr 0.).

Cod, Fig. 47, PI. IX.: Saithe, Fig. 12, PI. IX.: Lythe, Fig. 26, PI. IX.

The prootic articulates with the postfrontal and orbitosphenoid in front,

with the squamosal above, the parasphenoid below, and the opisthotic

behind. The edge of the prootic overlaps the orbitosphenoid, and it itself

is overlapped by the squamosal, parasphenoid, and opisthotic. The
prootic shares superiorly in the formation of the cartilage-filled depression

in the front part of the hyomandibular socket.

The internal surfaces of these bones in the saithe and lytlie resemble

one another more than they do that of the cod. On the anterior upper

part of this surface there is a fan-shaped bony mass. In the cod it is

distinctly fan-shaped, but in the lythe and saithe it has a deeply incurved

posterior edge. Below there is a smooth curved articular border in the

saithe and lythe, whereas in the cod it is irregular and laminate.

Parietal (P.).

Cod, Fig. 38, PI. IX. : Saithe, Fig. 3, PI. IX. : Lythb, Fig. 18, PI. IX.

The parietal articulates in front with the frontal, on its inner side with

the supraoccipital, on its outer side with the postfrontal and squamosal,

and behind with the paroccipital.

There is a distinct difference in the shape of this bone between the

saithe and the lythe. In the lythe its breadth is equal to about two-

thirds of its length, whereas in the saithe it is less than one-half. In the

cod it is about one-half.

Posteriorly the bone has in the saithe and lythe a long thick sutural
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process which runs up on the outer edge of the paroccipital. In the cod

this process is short, and it is a sort of angular cap fitting on the edge of

the paroccipital. The dorsal process of the paroccipital is pierced by a

foramen on the outer side of its base. By this foramen issues the nervus

lateralis (Owen).

Ojnsfhofic (op. 0.).

Cod, Fig. 49, PI. IX. : Saithe, Fig. 14, PI. IX. : Lythe, Fig. 28, PI. IX.

The opisthotic articulates with the prootic in front, the squamosal and
paroccipital above, the parasphenoid and basioccipital below, and the

exoccipital behind.

In the saithe the process which articulates with the corner formed by
the paroccipital and the exoccipital bones is much longer than in the cod

and lythe. In the former it is more than half the length of the process

which articulates with the hind projecting portion of the squamosal

;

that is, measuring from the angle between the two processes of the

opisthotic. In the cod and lythe the process is very siuall. In the

saithe the long process which articulates with the squamosal is slender

and sharp-pointed : in the cod it is broad and ends in a blunt extremity

;

in the lythe it is broader towards the tip than in the saithe, but it some-

times ends in a sharp point.

On the posterior edge of the base of the long process there is a roughened

area for articulation with the short arm of the post-temporal.

Exoccipital (e. Oc).

Cod, Fig. 41, PI. IX.: Saithe, Fig. 5, PI. IX. : Lythe, Fig. 20, PI. IX.

The exoccipital articulates above with the paroccipital, above and on

the inner side with the supraoccipital, on the outer side with the opisthotic,

and below with the basisphenoid. Behind, it is bound, liy means of a liga-

ment lodged in its hollow posterior process, to the atlas vertebra.

The ridge running longitudinally on the bone is much more prominent

in the saithe than in the cod and lythe.

On the internal surface of the bone projecting into the cranial cavity

there is a peculiar process, which consists of a broad hlade connected to

the main bone by a narrow neck. The blade is long, more than twice its

breadth, and tapers to a point in the saithe and lythe. In the cod it is

rather short and thick, in length not twice its breadth ; its free end is

broader than the rest of the process. The neck part is in the lythe very

narrow, in the saithe and cod it is much broader than in the former.

Paroccipital (par. O.).

Cod, Fig. 40, PI. IX. : Saithe, Fig. 4, PI. IX. : Lythe, Fig. 19, PI. IX.

The paroccipital is of an irregular hollow pyramid shape. It forms

the corner between the parietal, supraoccipital, exoccipital, squamosal, and
opisthotic. Its edge of attachment to the squamosal is smooth, without

sutures, the union being made by means of cartilage. The hind edge of

the disarticulated bone is always less than the superior edge.

The paroccipital of the saithe is much larger than that of the cod and

lythe. In the lythe the greatest breadth of the base of the pyramid is
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just about four-lifths of the greatest length {i.e., the upper surface) ; in

the cod it is equal to the length, and in the saithe the base is only equal

to half the length.

Atlas Vertebra (At.).

Cod, Fig. 28, PI. XI. : Saithe, Fig. 27, PL XI. : Lythe, Fig. 26, PL XI.

The atlas vertebra is firmly attached to the skull. It articulates with

the basisphenoid, and is bound by ligament to the exoccipital, while its

neural spine is firmly connected by ligaments to the occipital spine.

The differences between the atlas vertebrje of the three species are not

striking. In the saithe the neural spine is thin, while in the cod and

lythe the spine is much thicker.

Dentary (D.).

Cod, Fig. 42, PL X. : Saithe, Fig. 18, PL X. : Lythe, Fig. 12, PL IV.

As would be expected from the outward form of the jaws, the mandible

of the lythe is longer than those of the cod and saithe, while in general

the arch formed by the united mandibles of the lythe resembles that of

the saithe and differs from that of the cod. The united dentaries form

an arch which in the saithe and lythe is narrow at its apex : in the cod it

is broadly rounded. The hind extremities of the dentaries turn inwards

in a horse-shoe form in the cod, whereas in the saithe and lythe they are

directed backwards and outwards (Cod, Fig. 31 : Saithe, Fig. 29: Lythe,

Fig. 30, PL XL). Then the ventral descending plate of the dentary

curves inwards towards its fellow on the opposite side in the cod and

lythe, but does not do so in tiie saithe. In the shape of the apex of

the arch considerable diflference is noted between the three species.

The tuberosities on the anterior ends of the dentaries project in the

saithe well in front on either side of the symphysis : in the lythe they

are very small, and in the cod even less conspicuous. In neither of the

two latter do they project beyond the gently curved contour of the apex

of the arch.

The dentaries are, moreover, to be readily distinguished by the size of

the teeth, or, if they are absent, by the diameters of the tooth-sockets.

In the saithe there is a more or less complete double row of small teeth on

each mandible ; at its anterior end, and close to the symphysis, there is

an increase in the breadth of the toothed area, three rows being usually

very distinct. In the lythe there is usually one complete row on each

dentary, with a doubling of the row, by the addition of smaller teeth, at

the side of the symphysis. The teeth of the main row in the lythe are

much larger than those of the saithe, and even the small tooth-sockets of

the lythe are as big as the largest in a similarly-sized dentary of the

saithe. In the cod there are two rows, an outer of smaller teeth and a

hind row of teeth which when compared to those of the saithe and lythe

are huge.

When the united dentaries are viewed from in front, the apex is seen

to be slender, in dorso-ventral measurement, in the cod, while in the

saithe and lythe it is massive. Inferiorly, the ends of the dentaries

recede from one another at the symphysis, the saithe leaving a wide

angle, whereas in the lythe there is only a very slight separating notch.

In side view (from without) the different breadths of the descending
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plates of the deutaries are Avell seen ; that of the lythe is distinctly

greater than that of the saithe, especially anteriorly, while the plate of

the cod is in its turn narrower than that of the saithe. There is also a

distinct separation between the three forms in respect of the angle at

which the upper hind ramus of the dentary rises. In the cod it slopes

upwards very gently from the line of the tooth area, while in the lythe it

breaks sharply upwards ; in the case of the saithe an intermediate con-

dition is present. In the side view of the cavity which receives the long

process of the articular distinct differences are seen. A small area of the

inner side of this cavity is seen posterior to the outer border in the lythe,

a larger area is shown in the cod, and a still greater in the saithe. This
is due mainly to the fact that the inner side of the cavity is carried

farther posteriorly in the saithe than in the cod, and in the cod than in

the lythe. The outside of the cavity is shorter in the lythe and saithe

than in the cod.

The large barbel of the cod is a marked point of difference between that

form and the saithe and lythe. lu the two latter there is only a small

barbel formed by the union of two cartilage elements which arise, one
from each dentary. In the lythe the barbel does not project outside tlie

skin, and in the saithe there is only a minute soft barbel.

Premaxilla (pr. M.).

Cod, Fig. 41, PI. X. : Saithe, Fig. 14, PI. X. : Lythe, Fig. 3, PL IV.

The same characters as regards the size of the teeth which served to

distinguish the dentaries of the three forms are useful as a means for

separating the premaxilla? also. The teeth are, however, much more
numerous in the latter. In the saithe there are at the part next the

symphysis as many as 9 to 12 rows; the toothed area becomes narrower

the further it extends along the premaxilla until it is reduced

to a single row, which is the outermost row. The tooth- sockets are

small, those in the hind rows being the smallest, and the sockets

increase in diameter towards the outer row. In the dentary the hind

row had the largest teeth. The toothed area on the premaxilla is shorter

than that on the dentary in the saithe ; they are of about the same length

iu the lythe ; and in the cod that of the premaxilla is of the same length

or a little larger than that of the mandible. The toothed area occupies

about six-sevenths of the length of the premaxilla in the saithe, about

nine-tenths in the lythe ; and in the cod it extends almost to the end of

the bone. In the lythe there are fewer rows of teeth than in the saithe.

The teeth are, however, larger, especially so in the outer row. As many
as six teeth are made out in a cross-section of the head of the pre-

maxilla (next to the symphysis), but they are usually fewer in number.
In a small female lythe measuring 36 cm., in the broader part of the

toothed area there were three rows ; in the dentary there was one row
only. The huge teeth in the outer row on the premaxilla of the cod at

once separate it from those of the saithe and lythe. As in the other two
species, the hind teeth are the smaller.

In general shape, looked at from below, the premaxillae of the saithe

and lythe are more curved than that of the cod. In side view the

vertical process (or plate) on the posterior third of the bone is long and
rather narrow in the cod in contradistinction to those in the saithe and
lythe, which are roughly of a truncated triangular form. In two equally-

sized premaxillse of the saithe and lythe, the rounded projection on the
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head of the bone is higher in the saithe than in the lythe ; iu the latter

it 16 more rounded on its anterior edge. In side view there is in the

anterior end of the bone a cleft between the base of this plate and the

beginning of the toothed area. The prominence of this cleft, which is

deeper in the lytlic than in the saithe, is worthy of notice. In the latter

there is a considerable thickness of bone, rounded in front, between the

base of the plate and the lower surface of the premaxilla ; in the lythe

the breadth of the cleft reduces this to a very thin strip.

The smaller process on the head of the premaxilla articulates with the

lower part of the head of the maxilla. The higher process of the pre-

maxilla of one side is bound by a long ligament to the base of the process

of the palatine on the other side. Behind the two premaxillae there is a

large cubical mass of cartilage which serves to connect them with the

front of the ethmoid.

Maxilla (M.).

Cod, Fig. 10, PL X. : Saithe, Fig. 13, PI. X. : Lythe, Fig. 2, PL IV.

The maxilla of the cod is a longer bone than that of the saithe and
lythe, and in the two latter the head of the bone is bent downwards
more than in the former. At the anterior part of the head of the maxilla

there is a facet for articulation with the premaxilla. In front of it there

is a prominent projecting edge which in the saithe and lythe is semi-

circular in shape, and in the cod roughly triangular. Alongside the

articular facet just mentioned there is a large tuberosity iu the cod, which
is absent in the saithe and lythe, or marked in the latter by a slight

elevation. A ligament binding the maxilla to the premaxilla is attached

at this point.

The maxilla articulates with the premaxilla iu front, behind with the

vomer, and above with the process of the palatine. Its free end is

united by means of cartilage to the end of the premaxilla, and also by a

thick round cartilaginous ligament to the depression on the outer surface

of the dentary.

Articular (Ar.) and Annular (Au.).

Cod, Fig. 43, PL X. : Saithe, Fig. 19, PL X. : Lythe, Fig. 13, PL IV.

A first point of difference is seen in the shape of the potterior end of

the articular. Its hind region has a broad ventral expansion which is

larger in the saithe and lythe than in the cod. In articulars of the same
size the angular of the cod is much larger thau that of the other two
species. The angle between the lower plate and the rest of the articular

is nearly a right angle ; in the saithe and lythe it is much less. The
three forms differ from each other in respect to the share which the

angular takes in the lower edge of the ventral expansion. In the lythe

the angular forms less than one-half of the lower margin, in the saithe it

constitutes a little more than one-half, aud in the cod three-fourths of

the same. The sharp extremity of the plate is carried farther forward in

the lythe than in the saithe. On the long shield of the Meckel's cartilage

there is a high longitudinal ridge ; in the saithe and lythe it is rounded
off.

The posterior border or rim of the cavity which serves for articulation

with the quadrate projects in a triangular mass, to which is attached the

ligament binding the articular and quadrate together. In the cod thia
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elevated border is small and distinctly separated from the articular

surface ; in the saithe and lythe it is massive. The superior corner of

the articular is broader in the lythe than in the saithe. The edges of the

groove in the articular which holds part of the hyomandibular sensory

canal are in the saithe and lythe low ; in the cod they are prominent.

In front the articular fits into the hollow dentary; behind it articulates

with the quadrate and is bound to that bone and the preoperculuni by
ligaments. The angular is connected by means of a strong ligament to the

interoperculum.

Hyomandibular Arch.

Hyomandibular (Hy. M.).

Cod, Fig. .36, PI. X. : Saithe, Fig. 12, PI. X. : Lythe, Fig. 11, PI. IV.

The lujomandihular has three large processes ; the hind one, which has

a hollow extremity, articulates with the operculum by means of a liga-

ment ; the median, a boot-shaped expansion, is firmly attached to the upper

part of the anterior border of the preoperculum, while the anterior process

is fixed behind to the median flat plate-like process on the front edge of

the preoperculum, and anteriorly to the metapterygoid. The syra^ilectic

is united by ligament to the union between the anterior process of the

hyomandibular and the preoperculum. This cartilage is lodged in the

hollowed extremities of the processes of the hyomandibular and sympiectic.

The hyomandibulars of the three species differ to a considerable extent

from one another. In the saithe and lythe the median boot-shaped

process is quite free from the hind process except at its base ; in the cod

the heel and back of the boot are united to it by bone, and the uniting

bone-plate forms a ridge running out to the extremity of the hind process.

Moreover, the toe of the boot is pointed almost vertically downwards in

the cod, while in the lythe and saithe it is directed downwards and
forwards.

The anterior process is of two parts : the hind portion has a hollow

extremity and lodges a ligament which binds it to the sympiectic ; the

fore part is irregular and serrated for suture with a complementary surface

on the metapterygoid. In the cod this fore irregular portion is nearly

as broad as the hind articular part. From its anterior border there rises

a bony wall which forms with a broad expansion from the main body of

the bone an arch which overhangs the proximal extremity or origin of the

front process. This arch joins the median boot-shaped process. The hollow

beneath the arch lodges certaiii of the muscles pertaining to the mandible.

In the saithe and lythe homologous structures are present, but they do

not form a distinct arch as in the cod.

Superiorly the bone is rounded into a large knob which fits into the

socket on the squamosal. On the hind edge of the posterior process

there is a thin lamina of bone uniting it to the main articular knob. It

runs along the former as a sharp high ridge, which narrows rapidly to

vanish at the extremity. In the lythe it extends to the end of the

process ; in the saithe it usually stops a little short of the same ; in the

cod it is small and does not extend along much more than half the length

of the process.

If the bones are looked at from in front (as they lie in the fish), it is seen

that the prominent ridge arising from the anterior border of the front

process gives a great breadth of triangular shape to the fore edge of the

bone in the cod. In the saithe and lythe the anterior edge is narrow.
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Metapterygoid (m. Pt.).

Cod, Fig. 38, PI. X. : Saitiie, Fig. 15, PL X. : Lythe, Fig. 11, PI IV.

The metapterygoid is a generally triangular bone, with a slender apex,

which is superior. In the upper part of this bone there is in the cod a

flat plate standing almost perpendicular to the rest of the bone. It begins

about the middle of the bone and rises to its greatest height just before

reaching the level of the apex. This flat expansion is, when the bone is

viewed edgeways, triangular, and very broad superiorly. It forms the

part which unites with the anterior surface of the first process of the

hyomandibular, which, as was noted above, is very broad in the cod. In

the lythe this ridge of the metapterygoid is very narrow. In the saithe,

instead of a ridge running vertical to the plane of the bone, as in the cod,

there is a wing-like expansion broader than the ridge in the lythe, and

much narrower than that of the cod ; it rises at an angle from the edge of

the bone, and is continued superiorly to give a broad apex to the same.

The metapterygoid is united by sutures with the pterygoid, syraplectic,

and hyomandibular ; it is bound to the quadrate by cartilage.

Symplectic (Sy.).

Cod, Fig. 39, PI. X.: Saithe, Fig. 17, PL X.: Lythe, Fig. 11, PL IV.

A large portion of the symplectic lies in a groove on the inner

surface of the quadrate. In the case of the cod nearly all the lower half

of the bone is thus enclosed, while in the lythe a little less than the half,

and in the saithe only the lowest third take part in the articulation witli

the quadrate. On the posterior edge of the symplectic, just where it

leaves the quadrate, there is in the saithe a hook-like expansion. In the

lythe there is an angle, but not a backward-turned process as in the saithe.

In the cod there is a downward expansion of the internal surface of the

bone to form a broader area for articulation with the quadrate.

Quadrate (Q.).

Cod, Fig. 44, PL X. : Saithe, Fig. 16, PL X. : Lythe, Fig. 11, PL IV.

The quadrate is united with the symplectic and lower part of the pre-

operculum behind and with the pterygoid in front ; above, it is bound

to the metapterygoid by cartilage.

The main point of difference between the bones of the three species is

in the comparative breadth of the broad articular plate which serves for

attachment of the cartilage uniting it with a similar part of the

metapterygoid. In the saithe and lythe this articular plate constitutes

the greater part of the superior portion of the bone. In the cod, however

it is seen in external view to occupy less than half of that region. This

is due to the fact that a part of the articular area is hidden by the forward

growth over it of the bone in the region of the groove which serves for

articulation with the syni[»lectic.

The hind process of the quadrate which unites with the lower part of

the preoperculum is longer and stouter in the saithe than in the lythe,

and the articular groove in its posterior surface is deeper than in the latter.

The groove, moreover, twists outwards and backwards considerably, while

in the lythe the torsion if present is slight.
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Pterygoid (Pt.).

Cod, Fig. 37, PI. X. : Saithb, Fig. 11, PI. X. : Lythe, Fig. 11, PI. IV.

The posterior end of the pterygoid in the cod is practically at right angles

to the long axis of the bone; in the saithe and lythe the hind edge is more
or less inclined upwards. There is a deep bend or curve in the hind part of

the superior edge of the bone in the cod, which is absent in the saithe and

lythe. In all three species the bone is broadest at its posterior end, and

while in the cod and lythe the superior edge turns inwards immediately

in front of the articulation with the metapterygoid, thereby much reducing

the breadth of the bone, in the saithe the upper border is carried anteriorly

a considerable distance before it turns inwards to any marked degree.

The pterygoid of the saithe has thus a broader surface and a distinctly

difl'erent shape from the other two species. In the lythe the bone is

deeply forked anteriorly, while in the cod and saithe the fork is small.

The pterygoid is bound to the metapterygoid, and quadrate behind,

with the palatine in front, and superiorly with the entopterygoid.

Palatine (PL).

Cod, Fig. 34, PL X. : Saithe, Fig. 9, PL X. : Lythe, Fig. 11, PL IV.

The palatine is a trowel-shaped bone, with the handle directed anteriorly.

In the cod this bone is much flatter than in the saithe and lythe. In the

last species the long articular process which is inserted into the pterygoid

is a little less than one-third of the total length of the bone ; in the saithe

it is about one-fifth, and in the cod about one-third.

The outer border of the blade of the trowel if continued forward would

in the saithe and the lythe not intersect the handle, whereas in the cod it

would cut the handle near its base. In the saithe and lythe the o;iter

border of the blade of the trowel is turned up, giving rise to a hollow

(saithe) or groove (lythe) on the surface of the blade. The outer corner

projects beyond the front edge of the blade in the lythe. The curve

between the under surface of the handle and the front edge of the blade is

in the lythe an arc of much smaller radius than that of the saithi', owing to

the fact that in the latter the base of the handle is thicker (dorso-ventrally)

than in the lythe. The corresponding arc in the cod is of even greater

radius than that of the saithe.

Entopterygoi'l (en. Pt.).

Cod, Fig. 35. PL X. : Saithe, Fig. 10, PL X. : Lythe, Fig. 11, PL IV.

One striking point of difierence is the small size of this bone in the

lythe compared with those of the cod and saithe. In the case of the first

the entopterygoid is a bone which shows very little character. It is

simply a little flat transparent bone having a toothed anterior edge and a

rounded slightly wavy posterior border. It is not perfectly flat ; a ridge

runs from its anterior superior border towards the centre of the bone.

Between the ridge and the outer edge there is a triangular depression.

The ridge and the depression are characteristic of the bones of the three

species.

The entopterygoids of the saithe and cod differ mainly in the shape of

their posterior ends which articulate with the pterygoid. Botli have
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serrated edges, and the upper part of the hiud edge projects beyond the

lower half, a little in the saithe and a considerable difference in the cod.

In the latter, then, the posterior edge is distinctly beak-shaped. In

one or two cases the hind edge of the entopterygoid of the saithe was not

serrated, and posteriorly in one case at least the posterior end was of a

mitre-shape. In the case of the lythe a small projecting piece has been

noticed on the middle of the hind border.

The pterygoid is bound to the palatine by cartilage. In the cod and

saithe the hind end is interlocked with the pterygoid ; in the lythe the

union is only by means of connective tissue.

Preopercidum (pr. Op.).

Cod, Fig. 31, PI. X. : Saithe, Fig. 5, PI. X. : Lythe, Fig. 2G, PI. IV.

The preopercula of the three species are more or less readily dis-

tinguished. The flat plate projecting from the anterior edge of the bone

articulates with the outer surface of the front process of the hyomandibular.

The three species differ in respect to the size of the flat process of the

preoperculum. In the cod it is much larger than in the other two ; it is

of two parts, an inferior short lobe and a superior long upwards directed

triangular lobe. In the lythe the anterior edge of the process is divided

by an angle into two nearly equal lobes ; in the saithe this edge is more

or less straight and the whole process is of a quadrilateral shape.

Superiorly the bones difl;er somewhat. In the cod and saithe the

anterior superior corner is prolonged into a stout triangular process. In

the lythe this projection is not prominent; it forms one side of a notch

in the superior border of the preoperculum.

The anterior edge of the upper half of the bone curves backwards more

in the cod and lythe than in tire saithe.

In the saithe and lythe the preoperculum is much narrower in its lower

half than in the superior ; the posterior edge bends anteriorly just at the

level of the median articular process. It immediately turns out a little, and

then bends anteriorly again, in this way reducing the breadth of the lower

half. In the cod the inbend at the level of the median process is hardly

noticeable, and the lower half, although it is narrower than the upper, has

its posterior edge a regular continuation of the curve followed by the edge

of the upper half.

In the cod the preoperculum is ossified except for a narrow strip of its

hind border; in the saithe and lythe a consiierable portion of the

posterior region of the bone is transparent, membranous. The ossified

anterior half of the bone is thick and its outer surface projects backwards

as a broad fold, in this way forming a deep grove which lodges the

hyomandibular sensory canal. In the superior part of the bone a posterior

wall is furnished to the groove by a short bony ridge. The groove is

open in the greater part of its length in all three species, but superiorly it

is in the saithe a closed canal, in the cod an open groove, and in the lythe

it is either open or partially closed at the lower end of the short ridge.

In three lyth(;, viz., female 36 cm., female 47-6 cm., and female 87'8 cm,

the groove was open in its entire length, and while in female 82 9 cm.,

male 86 cm., female 78-4 cm., and female 39'8 cm., there was a little bridge

across the groove ; in male 75 cm., female 76'4 cm., and male 71 '4 cm., a

considerable part of the upper channel was closed. The projecting fold

which forms the groove is in the main portion of the bone supported by

three little bony pillars, which may be complete, but usually one or more,

or even all, are incomplete in certain preopercula.
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The preoperculum articulates anteriorly and superiorly with the front

and median processes of the hyomandibnlar, and with the syniplectic and
quadrate inferiorly ; behind it is bound by ligaments to the operculum,

suboperculum, and interoperculum. On the internal surface of the

median anterior expansion there is a hollow which receives the head of

the stylohyal. This cavity is bounded by the ends of the hyomandibular
and symplectic processes.

Operculum. (Op.).

Cou, Fig. 33, PI. X. ; Saithe, Fig. 7, PI. X. : Lythe, Fig. 27, PI. IV.

The shape of this bone differs in the three species. It is cleft on its

posterior border by a more or less deep angle. In the cod the angle is

deep, and the two lobes thus formed are very different from one another.

The superior is triangular and ends in a narrow apex ; the lower is

broader and mitre-shaped. In the saithe and lythe the angle enters

slightly, in the saithe less than in the lythe.

The socket for articulation with the hind process of the hyomandibular

is in the anterior upper corner. The superior edge of the bone runs

nearly parallel with the axis of the socket. The anterior and inferior

edges are in one curve ending in the apex of the broad lobe.

In the lythe the two lobes of the operculum are of nearly the same
size, and except for the widely arched inferior edge it is somewhat diffi-

cult to distinguish the two. The bone of the saithe is readily separated

from the other two by the great development of the lower lobe. In large

specimens the lower lobe is nearly square. The anterior edge of the

operculum passes from the articular socket vertically downwards, and
then curves backwards to join the inferior edge. In the cod and saithe

there is in the anterior superior corner just above the socket a prominent
angle. In the lythe it is absent. The operculum is joined to the pre-

operculum and suboperculum by ligaments ; it overlaps the latter bone.

Suboperculum (sb. Op.).

Cod, Fig. 32, PL X. : Saithe, Fig. 6, PI X. : Lythe, Fig. 28, PI. IV.

The suboperculum of the cod is separated from that bone in the saithe

and lythe by the fact that there is in its anterior edge a notch, in which

articulates the bind end of the interoperculum. The sul)opercula of

the saithe and lythe rather resemble one another. They are shoe-shaped,

but while in the case of the lythe the " instep " part is high, in the saithe

it is low. In the lythe the upper edge is gently, in the saithe more
deeply, curved downwards. The hollow in the upper edge is the part

where the lower lobe of the operculum overlaps the suboper(;uliim. In

the cod and lythe the suboperculum ends in a broadly rounded hind

extremity, while in the saithe the bone tapers away gradually to a much
narrower end than in the former two fishes. The extremity of the sub-

operculum is in the cod of about the same breadth as that in the lythe,

and in general shape the subopercula of the cod and lythe resemble one

another more than they do that of the saithe. The shape of the hind

portion of the suboperculum has a direct relation to the shape of tlie

oi)erculum. Thus the breadth of the hind end of the former depends on

the depth of the angle between the two lobes of the operculum. The
extremity of the suboperculum fills up the gap which the angle in the

operculum makes in the opercular plate.
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The suboperculum is overlapped by the operculum, preoperculum, and
interoperculum. The bones are bound together by ligaments. In the

cod there is a distinct articulation between the hind end of the inter-

operculum and the anterior edge of the suboperculum, whereas in the
saithe and lythe the posterior extremity of the former simply overlaps

the front end of the former.

Interoperculum (in. Op.).

Cod, Fig. 30, PL X. : Saithe, Fig. 4, PI. X. : Lythe, Fig. 20, PI. IV.

The interoperculum is a long and rather narrow bone. In the cod it is

almost completely ossified, only the hind inferior area remaining mem-
branous, while in the lythe and saithe a larger portion—almost the half

in the case of the latter—is membranous. At their narrow anterior

extremities, where the strong ligament binding the interoperculum to the

angular is attached, the bones of the three species are ossified. In the cod
the interoperculum is broadest at the middle of its length, and narrows to

either end. In the lythe the middle portion and the posterior end are of

about equal breadth, whereas in the saithe the hind extremity is rather

broader than the middle part.

On the inner surface of the interoperculum there is a socket which
receives the head of the epihyal at its articulation with the inferior end
of the stylohyal. In the edge of the bone, just above the articular

socket, there is a notch or depressed portion very well marked in the

saithe, not so distinct in the lythe, and in the cod practically obliterated.

The saithe and lythe differ in respect to the form of the articular

socket on the inner surface of the bone. In both forms the posterior

border or rim of the socket is prominent, but while in the saithe it

stands almost perpendicularly to the plane of the bone, in the lythe it

rises at a very small angle. In the cod this rim rises at a greater angle
than in the lythe, in some specimens of cod nearly approaching a right

angle. In the cod there is behind the socket a large rounded
prominence.

The interoperculum articulates in front by means of a ligament with
the angular ; it is overlapped superiorly by the preoperculum ; it over-

laps the suboperculum, and it articulates by its internal surface with the
epihyal.

Branchiostegal Arch.

Basihyal (b. Hy.) : Ceratohyal (cer. Hy.) : Epihrjal (e[). Ily.) :

Stylohyal (st. Hy.).

Cod, Figs. 45-48, PI. X. : Saithe, Figs. 20-23, PI. X.

:

Lythe, Fig. 14, PI. IV.

The basihyals differ a little in the three species. The larger, viz. the

ventral one, is in the lythe, in side view, seen to be roughly of a

parallelogram shape, whereas in the saithe it is triangular. The form in

the lythe is due to the hind end being extended backwards over the

anterior end of the ceratohyal in a triangular expansion. The head of

this basihyal, which is bound by ligament to its fellow of the opposite
side, is in the cod marked off by a neck-like constriction, which is not
present in the two other species.

The ceratohyals do not show great differences. In general .shape that
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of the lythe occupies an intermediate condition between those of the cod

and saithe. In the region where the first three branchiostegal rays are

attached to the internal surface of the ceratohyal, the ventral outline of

the bone bends upwards, then runs forwards, to bend slightly downwards
before reaching the extremity of the bone. la the cod there is here then

a fairly deep concavity in the ventral outline, in the saithe a slight

inbending, and in the lythe an intermediate condition.

In the saithe there is in this region a strong ridge coming down to the

ventral edge. This gives to the bone in front of it a distinct depression

which is not prominent in the lythe and cod.

In the case of the epihyals no readily distinguished points of difference

were made out.

The stylohyal of the lythe is longer and broader at its base than that

of the saithe in fishes where the ceratohyal and epihyal, along with the

two basihyals, form structures of equal length. Tinder similar circum-

stances the stylohyal of the cod is of about the same length as that of the

lythe, and greater than that of the saithe.

Urohyal (u. Hy.).

Cod, Fig. 50, PI. X. : Saithe, Fig. 25, PI. X. : Lythe, Fig. 16, PI. IV.

The differences between the urohyals of the three species are apparent

at a glance. The head of the urohyal is deeply cleft, and in the cavity

is attached the ligament binding it to the upper basihyals and to the first

basibranchial. On either side of the anterior edge there is attached a

strong broad ligament binding it to the basihyals on either side.

In general shape the urohyal of the saithe is roughly rectangular, with

the cleft head projecting from the upper proximal angle. In the cod the

bone is roughly triangular, while in the lythe the urohyal differs from

that of the saithe by the greater slope of the anterior edge, and by the fact

that while the blade of the bone remains in the saithe of about the same
breadth in almost its whole length, in the lythe it tapers rapidly and ends

in a pointed extremity. In the saithe the posterior extremity is rounded in

outline. The end of the urohyal is serrated in the saithe and lythe : in

the lythe the serrations are fewer and deeper. In the cod the posterior

border of this bone is smoothly rounded, with superiorly some ridges and

blunt processes to which ligaments are attached. The urohyal is

traversed longitudinally by three ridges which radiate from a point

situated a little below the middle of the front border. The radiating

ridges are more prominent in the lythe than in the cod and saithe, The
urohyals are cleft longitudinally at the inferior proximal corner. The
anterior end of the urohyal of the saithe is rounded, and is on the whole

vertical to the ventral edge of the bone ; in the cod this edge slopes back

ward slightly, and in the lythe very much.

Branchiostegals Brst.).

Cod, Fig. 49, PI. X. : Saithe, Fig. 24, PI. X. : Lythe, Fig. 15, PI. lY.

The seven branchiostegals are divided into two groups. The first

three rays articulate in depressions on the inner side of the ceratohyal,

while the 4th to 7th inclusive articulate in three broad depressions on the

outer surface of the bone. The 6th and 7th articulate with one and the

same depressed area. The first ray is the smallest, and the rays follow

one another in regularly ascending series. It is thus easy in the event of

a complete set of branchiostegal rays of any one fish to arrange them in
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order. It is, however, difficult to discover characters which would enable
one to determine from an examination of one ray alone its position in the
series, and even more so to assign it to its proper species.

When the branchiostegals are seen, in position on the fish, from the side,

they are all more or less bow-shaped, with the convexity on the anterior

side.

The first three rays are much more slender than the remaining four

;

they have small smooth articular heads, and taper slightly. The 4th and
r)th rays resemble one another somewhat ; they are broadest at the head,
and from a little behind the head taper off gradually. The 6th and 7th
have usually falcate heads. The 7th is the broadest as well as the longest
ray. The 4th-7th branchiostegals show on the inner surface of the head
a flattened staooth articular surface.

The rays, while being most noticeably bent in a vertical plane, as for

example in a side view of the fish, are very distinctly bent in another
plane

; and for the purpose of description the branchiostegals of the left

side of a lythe have been selected.

If the ray is grasped in its upper half between the finger and thumb
of the left hand with its posterior edge facing the observer, a considerable
amount of curvature to the right or left will be noticed. This varies in

amount and direction in different rays.

If the first ray be examined in the manner indicated, the bone is seen to
be bent to the right in its upper half and to the left in its lower, in shape

resembling the letter S, thus \ .

)

The second ray is of similar shape to the first, but it is not so much
bent in either direction.

The third shows a very slight bend to the right at the head, and a wide
sweep to the left in its distal half.

The fourth is bent in only one direction, viz. to the left, in this

form )

.

The fifth is bent in the same direction, but to a less extent than the
fourth.

The sixth is almost straight, but shows a slight bend to the left at its

head.

The seventh is bent to the left in the upper half and to the right in its

lower, in shape suggesting a Z, somewhat in this form / .

A certain amount of variation exists, but the above description will be
found, on the whole, fairly constant. The bend to the right (of the
observer) of the upper end is characteristic of the first two, and some-
times the third ray. The bend of the head to the left is characteristic of

the 4th-7th rays. These remarks apply to the saithe also.

In the case of the cod the rays are not nearly so much bent to either

side as in the preceding. Thus the first is practically straight ; the
distal part of the bone is twisted to the left. The second is similar to the
first. The third is straight. The fourth shows a distinct curve on the
left side, that is the upper and lower ends are bent to the left. The fifth

is straight, and the 6th is slightly Z-shape. The seventh is very markedly
Z-shaped.

The first three rays of the lythe are hyaline semi-transparent bones

:

the first and second of the saithe are also hyaline, while the third is

partly so ; in the cod the first is hyaline, and the second partly of that

nature.

In the branchiostegals of the saithe the transverse growth layers are

very distinct ; in the lythe they are also to be made out, although they are
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to some extent hidden by longitudinal striation in the last four rays.

The 4th to 7th rays of the cod are white, and in them the transverse

growth layers can be made out only at their distal tips. All the

branchiostegals of the lythe and saithe are more or less hyaline.

The first branchiostegal of the lythe is to be distinguished from that

bone of the saithe and cod by its distinct S-shape.

The fourth ray has certain distinctive characters. In the cod it has a

sort of hammer- shaped head ; in the lythe its head is rather pointed,

while in the saithe it is rounded, with a prominent notch on the posterior

edge of the head. In the saithe it is nearly round in its middle third,

whereas this bone in the lythe is distinctly oval in section at that part.

Both end in flattened extremities.

The fifth ray of the cod is somewhat triangular in section ; in its last

fourth it flattens out. In the saithe it is oval in section in the middle

third ; in the lythe the head of this ray is smaller, but otherwise there is

a general resemblance between the two. They both have flat sword-

shaped ends. The head in the saithe is as broad as any part of the bone,

whereas in the lythe the head is distinctly narrower than the part of the

bone next it.

The sixth ray in the saithe and lythe is a broad flat bone. In the cod

it is a thick bone, oval in section, flattening at the point.

The seventh branchiostegal has a distinctly falcate proximal end. In

the saithe and lythe both are flat bones; the greatest breadth being at the

middle of their length. It is a flatter and thinner bone in the saithe

than in the lythe, in which the posterior edge is much thicker than the

anterior, whereas in the former they are both very thin. In the cod this

ray is widest in its last fourth. Its proximal half is thick, and its distal

third flat and comparatively thin.

The Branchial Arches.

The bones of the branchial arches are of well-marked forms, and are,

with one or two exceptions, easily distinguished from one another.

Between the lower ends of the branchial arches of opposite sides of the

head are the median unpaired hasihrancMals. There are four gill-

bearing arches. Each of the first three arches consists of three bones,

below the hypohranchial, above the epibranchial, and between these the

long ceratohrancliial. The fourth arch has an epibranchial but no hypo-

branchial, but is indirectly attached to the hypobranchial of the third

arch. The epibranchials are attached superiorly to the three uppey

pharyngeals. Behind the fourth branchial arch there is the lower

pharyngeal. It is attached by cartilage to the lower end of the fourth

branchial arch. The first basibranchial is attached in front to the union

between the basihyals of the two sides. All the articulations between

the bones of the branchial arches are made by means of ligaments which

are contained in the hollow quill-like extremities of the bones.

The Branchial Bones of the Lythe.

The Basihranchials (b. Br.).

Lythe, Fig. 7, PI. IV.

The basihranchials are three bones united together by a thick mass of

cartilage. The first is a hollow helmet-shaped bone. Its closed apex

points anteriorly, and within its posterior hollow end is lodged the front

portion of the thick cartilage which unites it to the broad hollow anterior



of the, Fishery Board for Scotland. 273

extremity of the second basibranchial. This bone lias a wing-like
expansion to either side, and on the hind part of the same there'' is a
small toothed area. The presence of the teeth on the second basi-
branchial serves to distinguish this bone from that of the cod and
saithe, in which there are no basibranchial teeth. The bone narrows
immediately behind the toothed area and ends in a slender extremity,
which IS hollowed out for a ligament which attaches it to the cartilage
mass which is situated between the hypobranchials and the bases of the
fourth ceratobranchials, and which is continued posteriorly to the lower
pharyngeals. The lower extremities of the first and" second hypo-
branchials are received in depressions in the side of the cartilaginous body
uniting the first and second basibranchiais. The third basibranchial is a
long slender splinter-bone joining the upper surfaces of the first and
second bones, and lying directly on the top of the cartilage. It fits into
a suture in either bone. Its long hind pointed extremity fits into a long
hollow 111 the second basibranchial, and reaches back as far as the toothed
areas.

Hypohranchials (hp. Br.).

Ltthe, Fig. 21, PI. ly.

There are three hypobranchials on either side. The first two articu-
late below with the basibranchial cartilage and above with the first and
second ceratobranchials respectively. The third hypobranchial is bound
to the hind part of the second basibranchial, and its anterior slender
extremity passes downwards under the second hyoobrauchial. The third
hypobranchial has a broad i)osterior edge, and to the outer portion of it
are attached the third ceratobranchials, while to the inner part are
attached by cartilage the fourth ceratobranchials.
The first two hypobranchials resemble one another and are very

difi-erent from the third. The second is shorter than the first. If
they are viewed from above, the first and second bones are seen to be
bent, with the lu-curvature on the side next the basibranchiais. The
bend does not take place at the middle of the length of the bone • the
lower arm is the shorter. On the first hypobranchial there is a lateral
expansion on the outer side at the knee ; it runs along the Ion" arm for
some distance. In the second there is only a small process on°the outer
side of the corner.

The third hypobranchial resembles much in shape a trowel
; when in

^tu, the trowel is upside down, with its handle projecting downward and
forward under the second hypobranchial. The end of the handle is
liollow, and serves for the attachment of a ligament.

Ceratobranchials (cer. Br.).

Lythb, Fig. 21, PI. IV.

Of the ceratobranchials the greatest difficulty arises in distinguishing
the second and third. The first is rather longer than the other three
which are of about equal length. The ceratobranchial is a loner curved
bone, roughly triangular in section, and having a longer or shorter
groove, in which are lodged the blood vessels and the bases of th.^ crjU
filaments. Tlie inferior ends of the bones are of rather greater thickiress
than the upper extremities. The second and third alone have complete
grooves running the whole length of the bone. In the first there is a

s
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short broad shallow groove on the superior half only of the posterior

surface. On the fourth the groove occupies the upper two-thirds. The

fourth ceratobranchial is readily distinguished from the first (and also

from the second and third) by the presence of a large irregular projection

on its lower half. It rises from the posterior surface, and is directed

downwards. The groove in the hind surface of this bone turns inward

round the base of this expansion. The first ceratobranchial has a

longitudinal depression or groove on its anterior edge.

The second and third, which are readily distinguished from the other

two, are not very easily separated from one another. If, however, the

bones are held with the posterior grooved surfaces facing the observer, it

is seen that while in the third ceratobranchial the groove remains, in the

loirer third of the bone, of one width, in the second, in that part of the

bone the groove gradually widens, attaining its greatest width at the

inferior extremity. Moreover, the groove on the third is seen to bend

forwards and outwards near the lower extremity of the bone, exposing to

view a considerable portion of the quill-like side of the articular cavity.

The lower end of the tliird is of greater diameter than that of the

second.

Epihranchials (ep. Br.).

Lythe, Fig. 21, PI. IV.

Of the epihranchials, of which there are four, the third and fourthare

tri-radiate ; the second suggests in its form that shape. The first is a

lonf^ narrow bone having a thick inferior end and a narrow upper

extremity ; it has about the middle of its length a short triangular down-

ward-directed process, which may be regarded as a rudiment of the third

arm noticed in the third and fourth bones. The epihranchials articulate

inferiorly with the four ceratobranchials, and above with the upper

pharyngeals. u 4.1, ^ *

The second epibranchial is much nearer a tri-radiate form than the hrst
;

on its hind border there is a large triangular expansion. This projection

is situated on the lower half of the bone.

The third epibranchial is distinctly tri-radiate ;
the three arms are of

about equal length. It is, moreover, distinguished from the other

epihranchials by a toothed area which it alone has on its anterior edge.

The end of each ray serves to lodge the end of a ligament. The thickest

extremity is superior, and the end directly opposite is that which articulates

with the third ceratobranchial. The third or hind ray, which is directed

downwards and which is united to the lower arm by a thin plate of bone,

articulates with a corresponding ray of the fourth epibranchial. The

fourth epibranchial, also tri-radiate, has, however, a short hmd arm, which

is directed downwards.

Upper Pharyngeals (up, Phr.).

Lythe, Fig. 21, PL lY

The . ,.per pharyngeals are three in number ; they fit together to form

a rounc' toothed area situated on each side above the fauces.

The first or most anterior has a somewhat sickle-shaped toothed area

;

it hps at its anterior corner a short process which articulates with the first

epibranchial. On the under surface of the opposite corner there is a

hollow which serves for articulation with the superior extremity of the
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second epibranchial. The latter bone articulates also by means i»f its

wide upper extremity with a process of the second pharyngeal ossicle.

The first pharyngeal rests on an expanded thin portion of the second

pharyngeal, which is the largest of the three. Its toothed area is some-

what triangular in shape. From the ventral anterior edge the thin plate

of bone which supports the first pharyngeal projects. This expansion

shows three articular processes, of which the more anterior is the thinnest.

The latter process articulates, along with the first pharyngeal, with the

first epibranchial. The median articular process of the second pharyngeal

joins, as was mentioned above, the second epibranchial. The third

process, which is very broad, articulates v.'ith the third and fourth

epibranchials.

The third pharyngeal is a little disc-shaped toothed area. It rests on

the large articular process of the second pharyngeal, and is bound by
ligaments to the superior ends of the third and fourth epibranchials.

Loirer Pharyngeal (1. Phr.).

Lythb, Fig. 2 Iff, Pi. IV.

The lower pharyngeals are situated one on each side of the fauces : they

meet in the middle line beneath the opening of the oesophagus. Each
consists of a long narrow bone bearing a broad elliptically-shaped plate.

This plate, which is curved inwards, is covered with teeth. It does not

rest symmetrically on the bone, but projects out over the inner edge.

The anterior end of the pharyngeal is hollow and lodges a ligament which
serves to bind it to its fellow of the opposite side.

Comparison between the Bbanohials of the threr species.

The description of the branchial bones of the lythe holds good generally

for those of the saithe and cod. In the cod, however, the first cerato-

branchial is the shortest, the second and third are a little longer than the

first, and the fourth is the longest. In the saithe the first is the longest,

the second is next in length, and the third and fourth, which are of the

same length, are a little less than the second.

Basibranchials (b. Br.).

Cod, Fig. 20, PI. XI. : Saithe, Fig. 14, PI, XI. : Lythe, Fig. 7, PI. IV.

The second basibranchial of the lythe is distinguished from those of

the cod and saithe by the fact that it has two small patches of teeth on
it, whereas in the two latter fishes no teeth are found on that bone.

Hypohranchials (hp. Br.).

Cod, Fig. 21, PI. XI. : Saithe, Fig. 15, PL XI. : Lythe, Fig. 21, PI. IV.

There are no very marked difierences between the first hypohranchials
of the three species. In the saithe the bone is more bent than in the

lythe. In the cod, however, the bone is not so much bent as i, ^,he lythe,

and the two arms are of equal length, whereas in the saithe and^lythe the

anterior is the shorter.

In the second hypobranchial the three species are to be distinguished

by the form of the ventral surface of the bone. On the under or ventral

surface there is a groove which is continuous with the groove in the
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posterior surface of the second ceratobranchial. The sides of the groove

in the hypobranchial are prominent. The outer wall of this furrow is in

the lythe not nuich higher than the inner wall ; in the saithe the

outer is much higher, and attains its greatest height at the angle of the

bone. In the lythe the outer wall is lowest at that point. While in

the saithe and lythe this wall ends just a little in front of the angle, in

the cod it is carried forward to the anterior extremity of the bone. In

the saithe and lythe the groove passes from the ventral to the external

surface of the bone at its angle, whereas in the cod the groove is wholly

on the ventral surface.

In the cod the third hypobranchial, though retaining the trowel- or

scoop-shape shown hj those bones in the saithe and lythe, is much flatter.

In the lythe the bone has a distinct slender handle, which is not so

apparent in the saithe and cod, where the handle is united in its whole

extent to the outer edge of the blade by a thin bone plate. When the

bone is in situ it is seen that in the saithe and lythe the outer edges of the

blade and of the handle are in one and the same straight line, whereas in

the cod the outer edge is curved. The handle in the cod turns in sharply

towards the middle line : in the saithe and lythe this occurs in a hardly

noticeable degree.

Geratohranchials (cer. Br.).

Cod, Fig. 22, PI. XI. : Saithe, Fig. 16, PI. XI. : Lythe, Fig. 21, PI. IV.

In the case of the ceratobranchials, as in all the other branchial bones,

those of the cod are nnich thicker and broader thati those of the saithe,

which in their turn are a little heavier than those of the lythe.

The first ceratobranchial of the saithe and lythe has a rather deep

longitudinal furrow on the anterior surface ; this is not found in the cod.

In the saithe the posterior surface of the bone is crenate at the angle of

the bend ; in the lythe and cod it is smooth.

Except in their different thicknesses no satisfactory points of difference

were made out between the second and third ceratobranchials of the

three species. Moreover the differences used to separate the second and

third ceratobranchials of the lythe were not found of so much value in

connection with the saithe and cod. In both the saithe and the lythe the

third ceratobranchial is a deeper bone than the second.

In the fourth ceratobranchial the differences between the three species

were very slight.

Epihrancliicds (ep. Br.).

Cod, Fig. 23, PI. XI : Saithe, Fig. 17, PI. XL : Lythe, Fig 21, PI. IV.

The triangular process on the hind surface of the first epibranchial is

rather smaller in the saithe than in the lythe, and while in the latter the

apex of the process is rounded, in the former it is a blunt angle. In the

cod the process is low and not triangular in shape.

In the third epibranchial of the saithe the toothed area is very small,

and much less than that in the cod and lythe. The tooth-sockets in this

bone are larger in the cod than in the other two. In the saithe also the

toothed area is at its superior corner raised up from the side of the upper

articular process.

No very easily described differences were noticed in respect to the

second and fourth epibranchials.
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Upper Pharijriijecds (up. Phr.).

Con, Fig. 24, PI. XI.: Saithe, Fig. 18, PI. XL: Lythf,, Fi- 21, PI. IV.

The main point uf ditt'ereuce between the upper pharyngeals of the

three species con.sists in the comparative size of the teeth. They are very

small in the saithe, much larger in the lythe, and very large in the cod.

Lower I'haryngeals (1. Thr.).

Cod, Fig. 25, PI. XI. : Saithe, Fig. 19, PI. XL: Lythe, Fig. 21rt, PI. IX

The teeth in the lower [)haryngeals are riuialler than those in the upper

pharyngeals. The difference in the size ot the teeth between the bone.s

of the saithe and lythe is not very striking ; in both these species the

teeth are very much less than those in the cod. Li the proximal portion

of the toothed area in tlie lythe the teeth are considerably larger than

the other.-?, and than the teeth in a sirailirly sized saithe bone.

Dermal Bones.

The dermal bones have been described recently by Cole* in connection

with his work on the sensory canals.

Xa^al (N.).

Cod, Fig. 26, PI. X. : Saithe, Fig. 1, PI. X. : Lvtiie, Fig. 1, PI. IV.

In the saithe and lythe the nasal is in large part membranous ; in the

cod it is almost wholly ossified. The anterior and hind borders in all

three are membranous ; in the saithe and lythe the membranous anterior

portion is fully one-fourth of the total length of the bone. The nasal is

depressed along its longitudinal axis ; this furrow lodges the nasal part

of the supraorbital sensory canal. Processes from either side of the

anterior half of the bone approach one another, and form a partial bridge

over the canal. In the cod the groove in this bone is more defined than

in the other two species.

Pneorbital or Lachrymal (pr. < h-.).

Cod, Fig. 27, PI. X. : Saithe, Fig. 2, PI. X. : Lythe, Fig. 4, PI. IV.

The pragorbital is a triangular bone, which articulates by its hind

superior corner with the prefrontal, and by its anterior end with the

nasal.

In the cod and lythe the superior edge of the bone is concave, while in

the saithe it is convex in outline. The prseorbital of the lythe is shorter

and broader than those of the saithe and cod. The hind edge of this

bone in the saithe slopes more posteriorly than in the lythe and cod.

The prworbital has two prominent grooves which are formed b}'^ over-

hanging bone plates. The two grooves, which are in the same line, are not

continuous, but are usually separated by an interval at about the middle

of the bone. Occasionally there is a secondary narrow plate developed

* Observations on the structure and morphology of the cranial nerves and lateral sense

organs of Fishc'^, with special reference t"^ the genu.-; Gadus, Trans. Linncan Socleti/ nf
London, 2nd series, Zoology, Vol. vii. , London, 1898.
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over this interval which makes the tyfo grooves continuous, but without

hiding the interval completely. In the lythe and saithe the fold covering

the anterior groove is much narrower than the same in the cod, in which
it reaches in the greater part of its length down close to the inferior edge

of the bone. The grooves lodge the infraorbital sensory canal. The
anterior fold is rather wider in the lythe than in the saithe. The
articular surface for attachment to the prefrontal is much broader in the

saithe and cod than in the lythe.

Suborbitals (sb. Or.).

Cod, Fig. 28, PI. X. : Saithe, Fig. 3, PI. X. : Lythe, Figs. 5, 6, 8, 9, 10,

PI. IV.

There are certain differences between the five suborbitals of the three

species, but they are minute.

The second suborbital is in the saithe semicircular in outline ; in the

lythe it is nearly twice as long as it is broad, while in the cod it is longer

than it is broad, but not so long ])roportionally as in the lythe.

The third suborbital is in the cod wider at its inferior end, and the

lower anterior corner projects.

The fifth suborbital in the saithe and lythe is short ; its superior

extremity is much thicker than the inferior. In the cod it is a lighter

though longer bone than in the other two. The top end is rather wider

than the lower. The bone is excised more or less all over in a sort of

fretwork fashion.

Supratemporals (s. T.).

Cod, Fig. 29, PI. X. : Saithe, Fig. 8, PI. X. : Lythe, Fig. 22, PI. IV.

The supratemjDorals are four in number. The most remarkable in form

is the second, which is a sort of unclosed tube. It is formed by the

infolding of either edge to meet (but not to unite) in the middle line. The
anterior inturned fold is shorter than the other, and moreover the fold

is broader superiorly than it is inferiorly. In the saithe the inturned

edges come close to one another, sometimes overlapping slightly. In the

lythe there is usually a considerable space between the two edges.

In the saithe and lythe the ossicles resemble one another very much
and differ markedly from that of the cod. In the latter the edges of the

inturned folds are bent upwards. The second supratemporal is a flatter

bone in the saithe and lythe than in the cod.

The third ossicle is bevelled at both ends.

The fourth supratemporal is a scoop-shaped bone having its anterior

end more or less bevelled to fit the lower portion of the second ossicle.

In the cod its posterior end is deeply notched ; in the saithe and lythe it

is bevelled, or slightly notched.

Pectoral Akcu.

Clavicle (CI.).

Cod, Fig. 10, PI. XI. : Saithe, Fig. 2, PI. XI. : Lythe, Fig. 3, PI. IV.

The clavicle of the cod is readily distinguished^from those of the saithe

and lythe. In the two latter the hind edge of the bone is thiu and the

margin is of transparent bone, whereas in the cod the posterior edge is

thick and the whole of the bone superior to the level of the inferior
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corner of the coracoid is white and well ossified. There is in all three a

more or less well marked strengthening rib running from the hilum of the

bone down to the point on its posterior edge wliere the tendon unites the

free end of the coracoid to the clavicle. This ridge is especially thick

in the cod, and between it and the anterior edge there is a gusset-shaped

area of thin transparent bone, similar to the general structure of the

clavicle in the saithe and lythe. En the cod, on the front side of the

thickened bracing ridge there is a thumb-like depression on the bone.

The strengthening ridge is comparatively insignificant, so far as thickness

is concerned, in the saithe and lythe, but it is readily noticed from the fact

that its striae run across the general growth layers of the bone.

The bones differ in shape. The posterior edge of the lower half is

more rounded in the saithe than in the lythe and cod. The bone is

wider in its lower half in the former than in the two latter.

The anterior edge of the clavicle is curved, showing in side view a

concave outline. The deepest part of the curve is in front of the scapular

region. This hollow is in the saithe filled up with a broad ledge, which is

absent or very small in the lythe and cod. In the saithe this ledge

passes inferiorly on to the internal edge of the clavicle, leaving a distinct

hollow between the prominent outer edge and itself. In cases where an

apparent lodge is present in the cod and lythe the last condition does not

obtain. In the saithe the hind border below the articulation with the

scapula is straight for a little bit, and is parallel to the above ledge. In

the cod the hind edge is here rounded, while in the lythe the anterior

and hind edges are more or less parallel.

The hind superior process of the clavicle is in the cod short and narrow,

whereas it is in the saithe broad, especially at its base. In the latter it

makes, with the upper part of the hind edge of the bone, a less angle than

in the cod and lythe. In the lythe the process is short and broad.

The superior vertical process of the clavicle, upon which articulates the

supraclavicle, is prominent in all three species. In the saithe the angle

between it and the superior edge of the bone is nearly a right angle : in

the cod and lythe it is very much greater than a right angle. In the cod

and lythe the superior process is usually pointed : in the saithe it is

commonly truncated.

In the cod and saithe there is in the hind edge a distinct corner at the

point where the coracoid ligament is attached : in the saithe the posterior

border is evenly curved and does not exhibit this angle distinctly

On the internal surface of the clavicle there is the raised plate to which

is articulated the scapula. The inferior and posterior edge of the plate is

in the cod smooth except at its upper corner, where it is split into

articular leaf-like processes. In the saithe the hind border is similar to

that in the cod except that it has near its lower corner a few very small

articular teeth. In the lythe, on the other hand, there are at the second

articular part fairly large projecting articular laminpe.

There is a high ridge on the internal surface of the lower half of the

bone. In the saithe it is a broad thin plate : in the lythe it is consider-

ably narrower and thicker, while in the cod it is very thick and similar

in height to that of the lythe.

Scapula (Sc).

Cod, Fig. 13, PI. XL : Saithe, Fig. 6, PI. XI. : Lythe, Fig. 30, PI. IV.

The scapula articulates with the clavicle by means of a sutured portion

above, and it is bound by a ligament in front to the hind surface of the
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front of the clavicle. The scapula lies on the projecting plate-like

expansion of the clavicle. Inferiorly it is connected with the coracoid by
cartilage.

The articular facet which corresponds to a basal element is larger in the

saithe than in the cod and lythe. It is, moreover, in the former rounded
in its lower extremity, and is thus sharply defined, whereas in the cod its

outer edge simply turns inwards in a slight bend to meet the margin of

the bone. In the lythe it is more defined than in the cod.

Coracoid (Co.).

Cod, Fig. 13, PI. XI. : Saithe, Fig. 6, PI. XI. : Lythe, Fig. 30, PI. IV.

The coracoid is a somewhat triangular bone which is bound to the

clavicle by means of a ligament attached to the long gusset-shaped

anterior part of the coracoid. This ligament is part of the cartilage

which unites the scapula to the clavicle. Superiorly the coracoid is

bound to the scapula by ligament. The anterior ligament-bearing part

is in the lythe and saithe broader than in the cod. The lower extremity

of the bone is narrow, and lodges in its extremity a ligament for binding

it to the posterior edge of the clavicle. Between the anterior and inferior

processes there is a thin transparent bony plate. The edge of this plate is

much more incurved in the cod thnn in the saithe and lythe, and rather

more in the lythe than in the saithe.

The four basalia are attached to the hind edges of the scapula and
coracoid.

Post-temporal (pt. T.).

Cod, Fig. 11, PI. XI. : Saithe, Fig. 5, PI. XI. : Lythe, Fig. 23, PL IV.

The post-temporal is a V-shaped bone, having its two arms of unequal

length. The longer ends in a broadened thin extremity which rests on

the paroccipital ; the shorter has a serrated thick end which articulates

with a serrated area on the opisthotic. The angle between the two arms is

in the saithe more acute than in the lythe. In the saithe and lythe the

shorter arm bears a greater proportion to the length of the longer than

in the cod.

In the saithe the anterior corner at the base of the short arm projects

as a strong triangular process, which is united by a short lamina to the

interspace between the bases of the two arms. In the lythe and cod the

corner is usually small, and there is no connecting bone lamina.

The shape of the base of the bone differs in the three species. In the

saithe there is a prominent hind expansion at the base of the bone. In

the cod and saithe the lower edge is rounded.

The post-temporal articulates below with the supraclavicle.

Supraclavicle (s. CI.),

Cod, Fig. 9, PI. XL : Saithe, Fig. 3, PI. XI: Lythe, Fig. 25, PI. IV.

The supraclavicle of the saithe is shorter than those of the lythe and

cod. It has, moreover, a widely-expanded upper extremity. The
articular hollow on the lower portion of the bone is nearly lialf the length

of the bone in the saithe, whereas it is considerably less than the half in

the lythe.

The supraclavicle articulates with the post-temporal above and with the

clavicle belo^.
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Postclavicle (pt. CI.).

Cod, Fig. 12, PI. XL : Saithe, Fig. 4, PI. XI. : Lythe, Fig. 24, PI. IV.

The postclavicle is subject to a large amount of variation ; this is

especially the case in the cod.

This bone has a long shaft vvith an expanded head. In the lythe and
saithe it is a slender thin bone, in the cod the stalk is thick and
irregular.

The expanded head of the bone in the lythe is short and trumpet-

shaped ; that of the saithe is usually a long parallelogram-shaped piece,

showing sometimes, however, a broadened extremity, which gives it a

trumpet form. The head is set at an angle to the stalk. In the cod the

head of the bone is helmet-shaped ; its extremity is rounded, not straight

as in the saithe and lythe, and it has on its posterior side a small beak-

like process.

The trumpet shape can be traced more or less distinctly in the heads of

these bones in all the three species, though in the saithe and cod it has

been concealed by a bony development in the angle between the head

and the stalk. In the cod the trumpet-shaped area is short, and very

wide at its base.

Tn one cod—a male measuring 94 cm.—a remarkable condition was

found. The trumpet-shaped area had developed greatly in a backward
direction, not, as is usual in the cod, in an upward direction ; it therefore

projected well in advance of the portion filling up the angle between the

head and the stalk. The head had thus a broad sickle shape.

In the usual form of the postclavicle of the cod the little posterior beak
is the corner of the original trumpet-shaped area. The head of this bone
is two-layered—the outer is the trumpet-shaped part, and the inner is the

layer which has filled up the angle between the head and the stalk and
which has extended up under almost the whole of the funnel-shaped area.

The two layers are seen distinctly in the region of the beak.

The double-layered condition of the head is not present in the saithe

and lythe.

The postclavicle is attached by ligaments to the upper border of the

clavicle.

Pelvic Arch.

Innominates (Inn.).

Con, Fig. 8, PI. XL : Saithe, Fig. 1, PI. XL : Lythe, Fig. 17, PI. IV.

The innominates articulate anteriorly with one another and posteriorly

with a ligament which lies between them. The ventral surface of the

bone is concave. Each innominate bone has three articular surfaces— viz.,

two hollow articular processes, anterior and posterior, and a broad curved

hind edge which articulates with the ventral fin-rays.

The innominates of the cod are very much larger than those of the

saithe, while those of the saithe greatly exceed those of the lythe. In

general appearance those of the saithe and cod resemble one another,

and differ much from those of the lythe.

Between the anterior and posterior narrow articular processes there is

in the cod and saithe a sheet of thin transparent bone. A cavity of more
or less definite shape is cut out of this sheet of bone. Thus, if the united

innominates are examined it is seen that in the saithe the cavities of either



282 Part III.— Ticentidh Annual Repot t

side together have the form of an arrow-head with a broad shaft attached.

In the cod the same cavity has a form recalling that of a pair of lungs,

and the posterior parts of the inner surfaces are approximated to touching.

In the saithe they are separated. In one cod—viz., a male 94 cm.—in

which the two postclavicles had an unusual form, the thin bone plates

were irregularly excavated. Each showed a small cavity anteriorly,

while a little posteriorly of that there was a small oval hole in the left

plate. In the lythe this thin bony plate is practically absent ; it is

reduced to a narrow rim, sometimes absent from the anterior process, and
confined simply to the angle between the two articular processes.

The angle between the anterior and posterior processes is larger in the

lythe than in the saithe, and greater in the saithe than in the cod. The
converse relation is seen between the three forms in the angle between the

posterior process and the large articular plate.
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EXPLANATION OF PLATES.

The figures in Plates IV., VIII., IX., X. and XI. are reduced ; those in

Plates v., VI., and VIL, are natural size.

PLATE IV.

Figures reduced slightly.

Fig. 1. Nasal of G. polladiim, ?, 87*8 cm.

2. Maxilla

3. Premaxilla .. «

4. Prteorbital n ,i

5. 1st Suborbital n ,,

6. 2nd Suborbital n n

7. Basibranchials n n

8. 3rd Suborbital n h

9. 4th Suborbital 'n n (shewn upside down).

10. 5th Suborbital t,

11. Hyoniaudibular-Palatine Arch of O. pollachius, 0, 87 "8 cm.

12. Dentary of G. pollachius, O 87 "8 cm.

13. Articular i, ,,

14. Ceratohyal Arch n „

15. Branchiostegal Rays m

16. Urohyal n

17. Innominates and Ventral Fin of G. pollachius, o, 87"8 cm.

18. Pectoral Fin c. ,,

19. Side View of Head „ 79 cm.

20. Interoperculum ., 87 '8 cm.

21. Branchial and Pharyngeal Bones \' "

21a. Lower Pharpigeal n i.

22. Supratemporals u n

23. Posttemporal n n

24. Postclavicle fi n

25. Supraclavicle n w

26. Preoperculum n m

27. Operculum n m

28. Suboperculum m n

29. Front view of Symphj'sis of Mandibles, showing rudimentary Barbel {h).

30. Clavicle, Scapula, and coracoid of G. pollachius, O, 87 '8 cm.

PLATE V.

31. Skull of G. callarias, o, 103'o cm. View from above. Nat. size.

32. The union of the Branchiostegal and Branchial Arches with the Basi-

branchials and the Lower Phar^'ngeals of G. callarias, o, 83 cm. From above.

33. Skull of G. virens, o, 96 cm. View from above. Nat. size.

34. M G. pollachius, o, 83 cm.

PLATE VI.

Fig. 35. Skull of G. callarias, p, 103 "5 cm. View from below. Nat. size.

!• 36. 11 G. Hrens, p, 96 cm. n n h

" 37. M <r. pollachius,^, 83 cm. m m m
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PLATE VII,

Fig. 38. Skull of G. callarias, o, 103-5 cm. View from the side. Nat

39. II G. virens, q, 96 cm. h n

40. II G. poUachius, o, 83 cm h n

41. II G. callarias, o, 103"5 cm. View from behind.

42. II G. virens, o, 96 cm. « h

43. II O. poUachius, o, 83 cm. n h

PLATE VIII.

Fig. 1. Pectoral Fin of (?. ^o/toc/izus, ^, 71'4 cm.

I. 2. Pelvic

11 3. Pectoral n G. virens, j, 89 cm.

II 4. Pelvic

II 5. G. virens, ^, 89 cm.

II 6. G. poUachius, ^, 71 "4 cm.

II 7. G. callarias, i^, 82*7 cm.

II 8. G. virens, ^, 57 cm.

It 9. G. poUachius.

11 10. Head of G. poUachius.

II 11. II G. cirens, q, 5^ cn\.

N.B.—In Plates IX.-XL all the photographs are of practically the same scale'

the figures being reduced to about one-half.

PLATE IX.

Fig. 1. Frontal of Saithe, o, 91 cm.

II 2. Supraoccipital of Saithe, O, 91 cm.

II 3. Parietal u n

11 4. Paroccipital n n

II 5. Exoccipital n n

II 6. Ethmoid h n

II 7. Orbitosphenoid n n

II 8. Postfrontal n n

II 9. Squamosal h n

,1 10. Prefrontal ,, ,,

M 11. Vomer n n

II 12. Prootic II II

II 13. Basioccipital h m

II 14. Opisthotic of G. virens, n

II 15. Parasphenoid h m

II 16. Frontal of G. poUachius, o, 85'3 cm.

M 17. Supraoccipital n h

II 18. Parietal

II 19. Paroccipital m n

II 20. Exoccipital m h

I. 21. Ethmoid

II 22. Orbitosphenoid n m

II 23. Postfrontal n n

II 24. Squamosal n n

II 25. Prefrontal n n

II 26. Prootic n n

II 27. Basioccipital n n

M 28. Opisthotic

M 29. Vomer
« 30. Parasphenoid mm-
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Fig. 31. Clavicle, left side, internal surface, of G. virens. O 90 cm.

M 32. II right side, external « n ^, 98-7 oni.

It 33. Dentary, internal surface, of G. caUarkis, j, 95'2 cm.

1. 34. Articular .i n h n

M 35. Innoniinatcs, upper surface, of G. r\rens, ^, 98*7 cm.

II 36. Ba.sihyals, Ceratohyal, Epihyal, and Stylohyal. internal surface, of G.
riren/i, ^, 98-7 cm.

II 37. Frontal of (!. caflaria-y, o, 8 "9") cm.

n 38. Parietal mm
II 39. Supraoccipital

II 40. Paroccij)ital

II 41. Exoccipital

n 4'2. Etinnoid

II 43. Orbitosphenoid

II 44. Post frontal

II 45. Squamosal

II 46. Prefrontal

II 47. Prootic

II 48. Basioccipital

II 49. Opisthotic

II 50. Vomer
11 51. Parasphenoid

II 52. Skull of G. virens, ^, 89 cm.

ri 53. II G. poUachuis, ^, 86 cm.

11 54. II G. callarias, j, 82*7 cm.

PLATE X.

Nasal of G. virens, O, 89 cm.

Prffiorbital n n

Suborbitals n n

Interoperculum h

Preoperculum n m

Suboperculum n n

Operculum n n

Supratemporals of G. virens, Q, 9 ) cm.

Palatine h
J, 91 cm.

Entopterygoid n

Pterygoid n

Hyomandibular n

Maxilla h

Prjmaxilla n

Metapterygoid n

Quadrate n

Symplectic n

Dentary n

Articular h

Basihyals n 9» 96 cm
Ceratohyal n

Epihyal n

Stylohyal h

Branchiostegal Rays n

Uroh3'al n

Nasal of G. callarias, o, 89 '5 cm.

Praorbital n n

Suborbitals n n

Fig. 1.

2.

3.

4.

5.

6.

/.

8.

9.

10.

11.

12.

1.3.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
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Fig. 29. Suprateniporals of G. callarias, O, 927 cm.

n 30. Interoperculum « 89 "5 cm.

11 .31. Preoperculum n

n 32. Suboperculum n

II 33. Operculum n

„ 34. Palatine

II 35. Entopterygoid n

II 36. Hyomandibular h

„ 37. Pterygoid

II 38. Metapterygoid m

II 39, Symplectic n

II 40. Maxilla «

II 41. Premaxilla m

II 42. Dentary m

II 43. Articular n

II 44. Quadrate n

.1 45. Basihyals n 5, 92

II 46. Ceratohyal m

II 47. Epihyal n

11 48. Styloliyal n

11 49. Branchiostegal Rays n

,1 50. Urohyal n

PLATE XI.

Fig. 1. Innominates of G. rirens, o, 96 cm.

II 2. Clavicle

3. Supraclavicle n

4. Postclavicle n

5. Posttemporal n

6. Scapula and Coracoid

7. Pectoral Fin-rays of G. callarias, j, 92-7 cm.

8. Innominates and Pelvic Fin-rays of G. callarias, O, 92 "7 cm.

9. Supraclavicle n

10. Clavicle n

11. Posttemporal n

12. Postclavicle n

13. Scapula and Coracoid n

14. 1, 2, 3, Basibranchials, c, cartilage, of G. virens, o, 90 cm.

15. Hypobranchials

16. Ceratobranchials

17. Epibranchials

18. Upper Pharyngeals

19. Lower Pharyngeal

20. 1, 2, 3, Basibranchials of G. callarias, ^, 95*2 cm.

20. 3', Splinter bone (Basibranchial) of G. callarias, j, 827 cm.

21. Hypobranchials n ^, 95*2 cm.

22. Ceratobi'anchiale n h

23. Epibranchials u n

24. Upper Pharyngeals « n

25. Lower Pharyngeal n h

26. Atlas Vertebra of G. pollachius, ^, 86 cm.

27. II G. virens, ^, 89 cm.

28. II G. callarias, ^, 83 cm.



Fio3. 38 and il.—Gadiis callarias. Fios. 39 and 42.—Gndus virens. Fios. 40 and iS.—Gadus poUaiht





K. B. REPORT, ini'-2









F. 11. liEI'ORT. I'.IIW. PLATE X.



\



IS. l!ErOI!T, 1902,





of the Fishery Board for Scotland. 287

Fig. 29. United Dentaries of G. virens, <^, 91 cm.

II 30. II G. pollachius, Q, 83 cm.

H 31. II G. callarias, j, 82-7 cm.

" 32. Supratemporals of G. pollachius, ^, 76 '4 cm.

EXPLANATION OF THE LETTERS USED IN THE PLATES.

A7i.—Angular.
Ar.—Articular.

^4^—Atlas (vertebra).

/?. - -Basalia.

hBr.—Basibranchial.

bHy.—Basihyal

.

hOc.—Basioccipital.

Br-st .—Branchiostegal.
cerBr.—Ceratobranchial.

cerHy.—Ceratohval.
C/.—Clavicle.
Co.—Coracoid.

D.—Dentary.
enPt.—Entopterygoid.
eOc.—Exoccipital.

tpBr.—Epibranchial.

tpHy.—Epihyal.

E.—Ethmoid.
/l—Frontal.

lipBr.—Hypobranchial.
HyM.—Hyomandibular.
inOp.—Interoperculum.
Inn.—Innominate.
IPhr.—Lower Pharyngeal.
M. —Maxilla.
mtPt.—Metapterygoid.
iV^. —Nasal.
opO.—Opisthotic.

Op.—Operculum.

OrS.—Orbitosphenoid.
P.—Parietal.

parOc.—Paroccipital.

P/'.—Pectoral Fin.

PZ.—Palatine.
prF.—Prefrontal

.

prM.—Premaxilla.
prOp.—Preoperculum

.

prOr.—Prseorbital.

2iS.—Parasphenoid.
Pt.—Pterygoid.
p)t CI.—Postclavicle.

ptF.—Postfrontal.

pt T.—Posttemporal.

Q.—Quadrate.
shop.—Suboperculum.
shOr.—Suborbital.

Sc.—Scapula.

sCl.—Supraclavicle.

sOc.—Supraoccipital.

Sq.—Squamosal.
s T.—Supratemporal.
"ifHy.—Stylohyal

.

Sy.—Symplectic.
uJIy.—Urohyal.
upPhr.—Upper Pharyngeal.
V.—Vomer.
rP. —Ventral Fin
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TY.—NOTES ON SOME PARASITES OF FISHES.

By Thomas Scott, F.L.S., Mem. Zool. Soc. de France.

Plates XII. and XIII.

In continuation of my Notes on the Parasites of Fishes I propose to

notice here several species not previously recorded, a few of which appear

to be undescribed, while some others have not, so far as I am avrare, been

recorded from the coast of Scotland.

With the exception of two interesting Trematodes, all the species

belong to the Copepoda, and include three species belonging to the

family ErgasilidtB ; four species belonging to the Caligidfc ; five belonging

to the Dichelestidse ; two to the Chondracanthidfe ; one to the Lernaeidse
;

and two to the Lernseopodse.

The Trematodes, which are described separately at the end of the

paper, belong to the two genera CaUicoiyle, Diesing and Acanthocotyle,

Monticelli ; the first has not been recorded hitherto from Scottish waters,

and the second is new to science.

I.

COPEPODA PAKASITA.

Fam. Ergasiliuj:.

Genus Bomolochus, Nordman (1832).

The only member of the genus Bomolochus which appears to have been

recorded in the Crustacean fauna of the British Islands is the Bomolochus

soJeie of Claus. This species was described (and figured) in the Eleventh

Annual Report of the Fishery Board for Scotland, 1893,* it was taken on

tlie back of Solea vulgaris, Guun., captured in the Firths of Forth and

Clyde, as well as on the same species of fish captured in the Humber near

Grimsby. In the Nineteenth Annual Report I have recorded what

appears to be the same species of Bomolochus from the nostrils of several

kinds of fishes, and the form which I am now to describe from the nostrils

of the Ling, Molua violva, L., may also be merely a variety of the same

Bomolochus, but I record it hero in order to point out one or two

differences and also to correct one or two errors in the former description

of the species. Two other species are recorded here which are apparently

undescribed.

Bomolochus solece, Claus (var. from Nostrils of Ling) PI. XIIL, figs. 13-18.

1864. Bomolochus solew, Claus, Zeitschrift fur Wissenschaft.

Zool., vol. xiv., p. 374, pi. 35, figs. 6-20.

The length of the female represented by the drawing (fig. 13) is 1-6 mm.
(about -^ of an inch). The antennules (fig. 14) and antennse are

* Additions to the fauna of the Firth of Forth ; Eleventh Annual Report of the Fishery

Board for Scotland, Part III., p. 21'2, pi. v., fig. 1-13.
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similar to those of the specimens described in the Eleventh Annual
Report. The mandibles have a somewhat simple stiucture, the basal joint

is stout, but the second is rather slender, and is furnished with a stout

and moderately long tooth-like terminal spine ; from near the base of this

spine there springs a similar but much smaller spine, as shown by the

drawing (tig. 15). (In the description of the species in the Eleventh

Annual Keport the appendages doubtfully described and figured as

mandibles are really the second maxillipeds, while figure 5 on the plate

(pi. V.) represents one of the mandibles instead of one of the maxillje.)

The maxillae consist of small, one-jointed, and somewhat dilated

appendages provided Avith apparently four moderately long plumose

setae (fig. 1(5).

The first maxillipeds (fig. 17) are small and two-jointed, the basal

joint is moderately stout, and bears a small spine near the distal end of

the inner margin, the end joint has a moderately long claw-like extremity,

and is furnish eil with a stout ciliated spine which springs from a notch

on the inner aspect, and rather below the middle of the joint.

Second maxillipeds large, two-jointed ; both joints robust and fur-

nished with a few moderately stout, elongated, and coarsely plumose
setce ; the end joints are armed with a powerful and strongly curved

terminal claw, the convex margin of which is produced slightly beyond
the middle, into a spine-like process, and the curve of the claw is

distinctly sigmoid, as shewn in the drawing (fig. 18). The thoracic feet

are all as described and figured in Part III. of the Eleventh Annual
Report already referred to.

Remarks.—The principal difference between the Bomoloclius from the

nostrils of the Ling and Boniolochus solece as described and figured in

Part III. of the Eleventh Annual Report, is in the armature of the

mandibles ; in Bomolochus solece the terminal spines are both short, but
in the form from the nostrils of the Ling the terminal spine is nearly as

long as the joint from which it springs, while the secondary spine is

small. All the other appendages appear to be much the same in both
forms. The specimens from the Ling were somewhat larger than those

observed on the Black Soles, and they did not appear to be very common.
The fishes were obtained at the Fish Market at Aberdeen.

Bomolochus onosi, T. Scott, (sp. n.). PI. XIII., figs. 19-22.

Description of the Female.—Length about 1'3 mm. {-^^ oi an inch).

The first body segment is proportionally larger than the same segment
in the form just described, being equal to nearly half the entire

length of the cephalothorax, but the second and third segments are
smaller than the segments similar to them in that form (fig. 19).

The antennules are moderately stout, but taper gradually towards the
distal extremity ;

the second joint, which appears to be the largest, is about
one and a half times the length of the next one, the third and fourth are
sub-equal and larger than those which follow, while the penultimate joint

is considerably smaller than any of the others. The plumose set^ with
which the antennules are furnished, though somewhat similar to those on
the antennules of .Sowio/oc/n/s so/ere, do not appear to be quite so stout
(fig. 20).

The antennas, mandibles, maxillae, and first maxillipeds appear to be
similar to the same appendages in the Bomolochus from the nostrils of

the Ling,

The second maxillipeds are stout and armed with a moderately stout

and strongly curved claw, but not so powerful as the terminal claw of the
T
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second maxillipeds of the form previously described, but it resembles

it in the curve being distinctly sigmoid ; a slender seta springs from near

the distal end of the inner margin of the first joint, and two small setse

from near the middle of the inner margin of the second joint, a very long

and slender seta springs from near the base of the terminal claw, and a

smaller one from a point a little further forward (fig. 21).

The thoracic feet are similar to those of the form already described.

The male differs little from the female except that the terminal claws

of the second maxillipeds are more powerful and more evenly curved

(fig. 22).

Habitat.—On the inside of the gill-covers of Onos mustelus (Lin.)— the

Five-bearded Rockling—captured in the Firth of Forth in May, and
off Kinnaird Head, in 60 to 80 fathoms, on July 24th, 1901. Also on the

inside of the gill-covers of a specimen of Onos cimbrius (Lin.)—the Three-

bearded Rockling—captured in the Forth estuary in 1892, and from
the gills and gill-covers of the same species of fish taken on Bressay Shoal

to the east of Shetland, on December 11th, 1901. Both males and
females of this Bomolochus were obtained.

Remarks.—The species just recorded has such a close general

resemblance to Bomolochus solea', Claus, that it might easily be mistaken

for that species ; the most obvious difference is in the form of the posterior

foot-jaws, by the difference in the structure of these appendages the

species may be distinguished even without dissection when viewed from

the ventral aspect and with the aid of a good light.

Bomolochus zeugojyteri, T. Scott, (sp. n.). PI. XIII., figs. 23-25.

Description of the Female.—Length about "84 mm. (about -^ of an inch).

The first body segment is equal to rather more than the entire length of

the next three, the last thoracic segment is small (fig. 23).

The antennuls (fig. 24) are moderately stout ; the second joint is

equal to about one and a half times the length of the next one ; the third

and fourth are sub-equal, while the fifth and last joints, which are also of

about equal length, are rather smaller than the third or fourth ; the

penultimate joint is only about two-thirds the length of the end one.

The armature of the antennules resembles those of the last species.

The second maxillipeds are short and moderately robust, the terminal

claw is feeble, and the curve of the claw is only slightly sigmoid ; a

small seta springs from the distal end of the inner margin, while two

slender and moderately elongate setse arise from near the base of the claw

as shown in the drawing (fig. 25).

All the other appendages are somewhat similar to the same appendages

in the Bomolochus from the Ling.

Habitat.—About a dozen specimens, most of them females with

ovisacs, were found adhering to the back of a small Miiller's Topknot,

Zeugopterus punctatus (Bl.). The fish was captured near the mouth of

the Clyde estuary in September 1897, but the Bomolochus were not ob-

served till March of the present year (1901); and as it had been in alcohol

from the time it was captured, and had more than once been transferred

from one vessel to another, it is evident that the copepods must have

had a firm hold of their host.

The marked difference in the structure and armature of the second

maxillipeds are the principal characters by which this species may be

distinguished ; it is also a smaller species than the other two, being little

more than half the size of the Bomolochus from the Ling.
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Fam. CALiGiDiE.

Genus Caligus, Miiller (1785).

Galigus lahmcis, T. S., sp. nov. PI. XIII., fig. 2G-29

Description of the Female.—Length about 3'3 mm. (about ^ of an inch).

The cephalic shield (fig. 26) is about as broad as long; it is widest

near the posterior end, and has the margins evenly rounded, somewhat

like Calig^is diaphanus, Nordmann. The last thoracic segment is sub-

quadrate in outline, but its length is only equal to about three-fourths of

the breadth ; it is considerably smaller than the cephalic segment, being

little more than a third of the length of that segment and half its breadth.

The abdomen (exclusive of the caudal furca) is equal to about half the

length of the last thoracic segment, and is apparently unsegmented, as

shown in the figure.

The fourth pair of thoracic feet are small, and the single branch in each

is composed of two joints, which are armed with sabre-like spines

(fig. 29).

The sternal fork (fig. 28) is stout ; both branches are moderately

bi'oad, and obliquely truncate at the ends, and are not greatly divergent.

The male (fig. 27) is smaller than the female, being only about 2*6

mm. in length, it differs little from the female except that, as usual, the

last thoracic segment and the abdomen are smaller.

Habitat.—On the gills of Lahrus mixtus, Lin.—the Striped Wrasse

—

captured in the Firth of Clyde in the vicinity of Ayr, on January 30tii,

1900, and forwarded to the Laboratory by Mr. Robert Duthie, Fishery

Ofiicer, Girvan. My son (Mr. A. Scott) has taken the same species on

the gills of Lahrus mixtus and Lahrus macidatus captured in the

Irish Sea.

This Caligus differs from any species with which I am familiar in the

proportional sizes of the cephalic shield and the last thoracic segment,

and in the peculiar form of the sternal fork.

Genus Pseudocaligus, A. Scott (1900).

Pseudocaligus brevipedis (Bassett-Smith).

1896. Caligtcs brevipedis, Bassett-Smith, Ann. and Mag. Nat.
Hist., (6), vol. xviii., p. 11, pi. III., fig. 1.

1901. Pseudocaligus brevipedis, A. Scott, Some Additions to
the Fauna of Liverpool Bay, Trans. Liverpool Biol. Soc,
vol. XV., p. 350, pi. IL, figs. 1-6.

One or two specimens of this curious form were found in the throat of
a specimen of the Three-bearded Rockling

—

Onos tricirratus—captured
at Dunbar, Haddingtonshire, in 1892. The copepods were only noticed
on the fish in August of the present year, 1901, by my son, Mr. A.
Scott.

This is comparatively a small species, and differs from Caligus,
especially in the rudimentary character of the fourth thoracic feet.

Genus Lepeopktheirus, Nordmann (1832).

Lepeophtheirus pollachii, Bassett-Smith.

Specimens of this copepod were obtained in the throat of young
Pollack

—

Gadus pollachius—sent from Girvan, Ayrshire, in May, 1901.
A few of them were also adhering to the tongue of the fish, and the part
to which they were adhering appeared to be lacerated.
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Genus Echthrogaleus, Steenstrup and Liitken (1861).

Echthrogaleus coleoptratus (Guerin).

Two specimens of this species were obtained adhering to the pectoral

fins of a small Lamna cornuhica sent from the Fish Market at Aberdeen
on December 12th, 1901.

Fam. DiCHBLESTIDiE.

Genus Clavella, Oken (1815).

Clavella chitha; T. Scott, sp. nov. PI. XII., figs. 26-31.

Description of the Female.—Length about 1-5 mm. (nearly Jy of an
inch). This copepod is like Clavella lahracis, Van Beneden, in general

appearance, but is about one and a half times its size, the lateral margins

of the cephalic segment are also evenly rounded instead of being angular,

as in that species (fig. 26).

The antennules are short, and apparently four-(? or five-) jointed, and
also moderately stout ; the basal joint is about as long as all the

other three together, while the end joint is very minute ; the armature

of the antennules consists of a few minute spines (fig. 27).

The antennule represented by the drawing had the basal joint slightly

damaged.
The antennae are fully as long as the antennules ; they are composed

of two joints and armed with a short but strong terminal claw (fig. 28).

The maxillae are very small and simple in structure ; they consist of a

minute papilliform basal joint bearing three small spines as shown by the

drawing (fig. 29).

The maxillipeds are also small ; they are two-(or three-) jointed, and
furnished with a small terminal claw (fig. 30),

There are only two pairs of thoracic feet, and they are both somewhat
similar in structure. The drawing (fig. 31) represents the first pair.

Each foot, which has two moderately stout basal joints, is two-branched,

and each branch is two-jointed and furnished with two small terminal

spines ; in the outer branches the first joint is larger than the second and
bears a small spine at its outer distal angle ; in the inner branches, on the

other hand, the first joint is smaller tiian the end one. A small spine

springs from the inner distal angle of the second basal joint, as shown in

the figure.

The caudal furca are very short, as represented in the full-size drawing
(fig. 26).

Habitat.—On the gills of a Ctenolabrus rupestris, Lin. (Jago's Gold-

sinny), captured in East Loch Tarbert in 1885; but the copepods were

only observed during the past summer.

Clavella lahracis, Van Beneden. PI. XIII., figs. 10-12.

This species was recorded, but not figured, in Part III. of the Nine-

teenth Annual Eeport, and I now give a few figures in order to indicate

one or two points of difference between this species and the one just

described.

The largest of the female specimens of Clavella lahracis measured
scarcely more than a millimetre in length. In the specimen represented

by the figure (fig. 10) the cephalic segment is equal to about one-fifth of

the entire length of the animal. The lateral margins are produced
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outwardly on each side so as to form distinct angular projections and give

to the segment, when seen from above, a kind of diamond-sliaped outline.

The " f'enital " segment is fully three times the length of the cephalic

segment, its breadth is not much more than a thitd of the length, and its

margins curve gently towards both ends. The abdomen is very small,

and so also are the furcal joints. The ovisacs appear to be moderately

elongated, but in none of the specimens examined were the ovisacs

entire.

The antennules are short and moderately stout, ami composed of five

joints. The first joint is large, and nearly equal to half the entire length

of the antennule. The lower distal angle of this joint is produced down-

wards in the form of a strong hook. The three last joints are sub-equal

and shorter than the second, Several short and dagger-like spines spring

from the upper margins of the antennules as shown in the drawing

The antenucB (fig. 12) are somewhat similar to those of Clavella

cluthiv, and, like them, are armed with strongly-curved terminal hooks.

Habitat.—On the gills of the Striped Wrasse, Labrus mi.ctus, Lin,,

captured in the Clyde, near Ayr, in January, 1900, and forwarded to the

Laboratory by Robert Duthie, Fishery Ofhcer, Girvan. Taken also on

the gills of Labrus mixtus captured in the Irish Sea (A. Scott).

Remarks.—The angular form of the cephalic segment, and the strong

hook on the first joint of the antennules, seem to be characteristic of

Clavella labracis. This copepod has lately been recorded from the Irish

Sea, from the gills of the Striped Wrasse,* and as Professor van Beneden
speaks of it as abundant on the gills both of Labrus beryijlta and Labrus

mixtusf, it seems probable that its distribution is co-extensive with

that of its hosts.

Genus Eudadylina, Van Beneden (1853).

Eudactijlina acuta, Van Beneden. PI. XEL, figs. 20-25.

1853. Eudactylina acuta, Van Beneden, Bull. Acad. Roy. Belg.,

vol. XX., pt. 1, p. 235; Mem. Acad. Roy. Belg. (1861),

p. 150, pi. XXV.

Description of the Female.—Length about 2 "6 mm. (fully
-pV ^^ ^^

inch). The body is slender and elongated, the thoracic portion consists

of five distinct segments, and the abdomen of three (including the

genital segment). The first body segment is about equal to the

combined lengths of the next two, but the second is smaller than the

third ; the fourth is about equal in length to the first and only slightly

longer than the fifth segment ; the abdomen is very small, being equal to

little more than a fourth of the entire length of the thorax. The furcal

plates are short and dilated (fig 20).

The antennules are short, very stout, and apparently four-or five-

jointed, and they are armed with several strong spines. A large

strongly-curved spine springs from the upper distal angle of wdiat

appears to be the second basal joint, and reaches to near the end of the

next joint, there is also a stout and much shorter spine on the lateral

aspect of the same joint, and also one or two spiniform setae ; a

moderately stout, elongate, and nearly straight spine springs from the

upper distal angle of the following joint, while behind and below this

spine there is another, which is also moderately stout, but only about half

* Fifteenth Annual Keport L.M.B.C., and their Biol. Station at Port Erin (Isle of Man)
Dec, 1901, p. 13.

tLes PoisJons desCote.jdoBelgiquo, J/ew. Acad. Roy. ZJf/y., vol.xx.xviii., pp. 45, 46 (1870).
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the length of the first ; the penultimate joint is furnished with a short

stout spine and a few spiniform setai near its distal end ; the last joint is

very minute, as shown by the drawing (fig. 21).

The antennse, which are similar in structure to those of the next
species, are provided with one or two stout tooth-like spines on the lower

aspect, and armed with an arrangement of strong terminal hook-like

claws.

The mandibles resemble very closely those of Cliaropinus dalmanni
(Retz.). The maxillfe are also somewhat similar in structure to those of

that species, except that the secondary lobe is more produced.

The first maxillipeds are small and three-jointed and furnished with a

minute terminal claw.

The second maxillipeds are of moderate size and strongly chelate,, and
have a curious resemblance to the chelse of Pseudotanais—a genus
belonging to the Isopoda-Chelifera.

The first four pairs of thoracic feet are all two-branched ; in the first

pair and in the third and fourth pairs both branches are distinctly three-

jointed ; in the second pair the inner branches, as in the other pairs,

are composed of three distinct joints, but in the other branches, which
differ considerably from the others^ the second and third joints are nearly

obsolete, while the first joint is fully as large as the whole outer branch.

The basal portion of each foot consists of two joints, the first being large

and considerably dilated, while the second is scarcely half the size of the

other.

in the first pair of feet the outer branches are rather shorter than the

inner ones, the first joint is stout and longer than the combined length of

the next two, it is furnished with a row of small spines along its outer

margin, while a dagger-like spine springs from its outer distal

angle ; a similar spine springs from the outer distal angle of

the next joint, and two from the end joint, the end joint also carries a

moderately long and spiniform terminal seta, together with a small hook-

like spine on the inner distal angle ; the three joints of the inner

branches are sub-equal in length, but the first joint is more dilated than

the others, and is provided with a fringe of minute spines on the outer

edge ; the second and third joints carry a few minute spines on the inner

margin, while two moderately large spiniform set?e spring from the apex

of the last joint (fig. 22), The inner rounded margin of the second basal

joint is fringed with several small but stout spines.

The first basal joint of the second pair is considerably dilated, the

second is smaller and fringed on the inner edge with minute spines; the

inner branches are small and shorter than the outer, the second and third

joints are fringed on both edges with minute spines, while a moderately

long and slender seta and a small spine spring from the apex ; the first

joint of the outer branches is dilated and exceeds the inner branches

in length, but the end joints are so modified as to be almost obsolete

(fig. 23).

In the third and fourth pairs, which are somewhat similar to each other

in structure, the inner branches resemble the same branches in the first

pair, except that they carry a single moderately stout and elongated

terminal spine ; the outer branches are rather longer than the inner ones,

and the first joint, which is equal to more than the entire length of the

second and third, is fringed on the outer edge with small tooth-like

spines, a moderately stout spine springs from its outer distal angle, while

a similar spine springs from the outer distal angle of the second joint ; the

third joint bears three moderately stout spines of varying lengths at its

truncate end as shown by the drawing (fig. 4), which represents one of

the fourth pair.
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The fifth pair consist of broad lamelliform and uniarticulate plates

situated on the lateral aspect and near the distal end of the fifth body

segment ; each foot is about one and a half times longer than broad, it is

evenly rounded at the apex, and furnished with two or three small seta3

(fig. 24).

The caudal furca, which are fully one and a half times the length of the

last abdominal segment, are somewhat dilated, and provided with a small

seta on the outer edge and two small tooth-like spines on the rounded

apex (fig. 25).

Habitat.—On the gills of an Augei-Ush, R/mia squatina (hin.), cai>ti\red

about 8 to 9 miles S.E. from Buchan Ness in January last (1902). My
son finds this parasite to be moderately frequent on the gills of Angel-

fishes captured in the Irish Sea.

This being the first Eudadyline described, may be considered the type

of the genus, and its description given above will show more clearly the

distinctive points by which the next species may be satisfactorily

identified.

Eudactylina similit;, T. Scott, sp. nov. PI. XII., figs. 1-19.

Description of the Female.—Length of the female specimen represented

by the figure, 2*97 mm. (about j2_ of an inch) ; it resembles in general

appearance the Eudadijlina acuta (Van Beneden), but diflfers in the pro-

portional lengths of the body segments and in the structure of some of

the thoracic and tail appendages. The first body segment (fig. 1) is about

one and a half times the length of the second • the second, third, and

fourth are nearly equal in length, but the second is rather the longest

;

the last is equal to about two-thirds of the length of the preceding

segment. The abdomen is small, being scarcely equal to a third of the

entire length of the thorax.

The antennules are stout, and taper towards the distal extremity ; they

somewhat resemble, in structure and armature, the antennules of

Eudactylina acuta (fig. 3).

The antenna? (fig. 4) are moderately stout and four-jointed, the first

and second joints are each furnished with a short and stout tooth-like

spine on its inner aspect; the last joint is short and is armed with two or

three stout but short terminal claws.

The mandibles are very feeble, and are similar to those of Eudactylina
acuta (fig. 5).

The maxilla? are small and of a simjile bilobcd structure, the principal

lobe is rather longer than broad, and bears two moderately long spini-

form terminal setii?, the one being about twice the length of the other
;

the secondary lobe is small and provided with a slender one-jointed

branch which extends somewhat beyond the apex of the primary lobe,

and terminates in a moderately long spiniform seta, as shown by the
drawing (fig. 6).

The first maxillipeds are also small, they are three-jointed and armed
with a minute terminal claw (fig. 7).

The second maxillipeds are moderately large and strongly chelate, the
terminal joint is broad and its lateral angles are more or less produced

;

the one angle is extended into a spoon-like process, while to the other is

articulated a stout, strongly-curved claw, the apex of which impinges
against the spoon-like process of the opposite angle as shown in the
drawing (fig. 8).

The first pair of thoracic feet are somewhat similar to those of

Ewlactylina acuta except in the following particulars:—The inner margin
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ot the second basal joint is furnished with two small but moderately
stout spines ; the first joint of the outer branches is, proportionally, con-
siderably larger than either the second or third joints, and the inner
branches are more slender (fig. 9).

The second pair are similar to the same pair in Eudactylina acuta, but
the inner branches are proportionally smaller (fig. 10).
The third and fourth pairs are also similar to those of the species

referred to (fig. 11).

The fifth pair are larger than those of Eudactylina acuta, and they are
also proportionally broader, the width being about equal to four-fifths of

the length, as shown in the drawing (fig. 12).

The caudal furca, which are equal to about twice the length of the last

abdominal segment, are narrow and slightly curved ; they are widest at

the base, but the width is scarcely equal to half the length ; they taper
gradually to the blunt-pointed apex, and carry two or three minute spines
(fig. 13).

Description of the Male.—Length 1*9 mm. (about yL- of an inch), being
only about three-fourths the length of the female. The body is more
slender than that of the female, while the abdomen is about equal in

length to the cephalo-thorax (fig. 2).

The antennules are moderately stout, and appear to be seven-jointed
;

they do not taper as much as the antennules of the female, but are pro-

vided with somewhat similar spines ; they also differ from the female
antennules in being furnished with a short but strong hooked claw at the

distal extremity (fig. 14).

The antennaj and mouth appendages are somewhat like those of the

female, with the exception of the second maxillipeds, which resemble
the same appendages in Charopinas ramosus (fig. 15).

The first four pairs of thoracic feet have both branches apparently

three-jointed, but in the outer branches of the first pair the articulation

between the second and third joints is somewhat indistinct (fig, 16).

The inner branches of the second pair are armed on the inner aspect with
a moderately stout and elongated curved spine, which springs from the

distal angle of the first joint (Hg. 17).

The third and fourth pairs have somewhat slender branches ; the inner

are furnished with two terminal spiniform setie, the outer bear two ter-

minal setse and a spine ; a moderately stout spine also springs from the

outer distal angles of the first and second joints (fig. 18).

The fifth pair are somewhat similar to those of the female.

The caudal furca are very narrow, and armed with small and slightly-

hooked terminal spines (fig. 19—see also fig. 2).

Habitat.—On the gills of Raia radiata, Don. (the Starry Uay), cap-

tured to the east of the Shetland Islands on May 22nd, and oflf Aberdeen
on JS'ovember 29th, 1901 ; both females and males of this Eudactyline

were obtained, and specimens were moderately frequent on the gills of

some of the tarry Rays examined.
Eudactylina similis, though it resembles Eudactylina acuta in general

appearance, may be readily distinguished from it by the difference in the

form of the caudal furca.

Eudactylina acanthii, A. Scott. PI. XIII., figs. 1-9.

1901. Eudactylina acanthii, A. Scott, 15th Ann. Kept, of the

L.M.B.C., and their Biol. Stat, at Port Erin, Isle of Man,
Dec, 1901, p. 14.

Description of the Female.—Length about 2 mm. (2^- of an inch).

Body moderately stout, the cephalothoracic segment about one and a half
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times the length of the next one ; the second, third, and fourth segments

sub-equal in length, l)ut the fifth is rather shorter than the one immedi-

ately preceding. The abdomen is very short, being only about a fifth of

the entire length of the cephalothorax ; the genital scgnaent exceeds the

combined lenghts of the next two as shown in the full-size drawing

(fig- !)•

The antennult's are short but moderately stout, and they ta[)er towards

the distal end ; the first and second joints are considerably dilated, and

together are equal to more than half the entire length of the antennules
;

the curved spine at the distal end of the second joint is much smaller

than the spine similar to it on the second joints of the antennules of

Eudadylina acuta (fig. 2).

The antennae are somewhat similar to the same appendages in

Eudaclylina acuta, but they want the stout tooth-like spines on the inner

aspect of the first and second joints, and there appears to be only one

claw-like spine at the end of the last joint (fig. 4).

The mandibles, maxillae, and other mouth appendages are somewhat

similar to those of Eudnctylina acuta (or Kudacti/lina similis).

In the first four pairs of thoracic feet, the inner branches are all two-

jointed; but while the outer branches of the first pair consist apparently

of one joint, those of the next three pairs appear to be composed of

three joints ; all the four pairs are short and robust. The inner branches

of the first pair are armed with a number of very short but stout spines,

chiefly on the exterior margins ; the outer branches, wdiich are shorter

than the inner ones, are fringed on the exterior edge with minute sette ; a

small spine springs from a notch slightly posterior to the middle of the

same margin, while two or three small spiniform setse terminate the joint,

as shown in the drawing (fig. 5).

In the second pair the inner brauches are somewhat similar to, but

rather stouter than, the inner branches of the first pair ; the outer

branches are somewhat indistinctly three-jointed, and only slightly longer

than the inner branches, and both branches are fringed on the exterior

edge with small spines ; the outer margin of the first basal joint is also

similarly fringed, while small spines are scattered sparingly over portions

of the surface of all the joints as shown in the drawing (fig. 6).

The remaining two pairs are somewhat similar in structure to the second

pair, but are, comparatively, rather stouter, they are also less spiniferous

than that pair (fig. 7).

The fifth pair resemble those of Eudactijlina acuta, but differ slightly

in their form and armature (fig. 8).

The caudal furca, which are not much longer than the last abdominal
segment, are somewhat narrower than those of Eudactylina acuta—the

width being only equal to about half the length ; two short spines spring

from the outer margins of each fureal joint and the spiniform selK from

the apex, the middle apical seta being the longest (fig. 9).

Habitat.—On the gills of the Piked Dog-fish, Squalus acanthius, L.,

captured in Beaumaris Bay, on September 26th, 1901. I am indebted

to my son for the privilege of describing this species, and for the illus-

trative drawings. This Eudactylina appears to be of frequent occurrence

on the gills of S. acanthius, captured in the Irish Sea, and may probably

also be obtained on the gills of Scottish specimens of the fish. It may
be noted in passing that Eudactylina acuta has been recorded both from

the Angel-fish and the Piked Dog-fish (see Professor van Beneden's

memoirs already referred to)
;
perhaps the two forais may have been

mixed up under the one name ; but whether that be so or not, the

parasites from the two fishes named, which have been examined by myself

and my son, appear to be distinct,
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Fain. Lern^id^.

Genus Haimohaphes, Steenstrup and Lutken (1861).

Hmmohaphes ambiguus, T. Scott.

1900. Hihinohaphes ambiguus, T. Scott, 19th Ann. Rept. of

the Fishery Board for Scotland, pt. iii., p. 162; pi. vii.,

fig. 15.

Specimens of this curious Lernfean were obtained on Spotted Dragonets,
Callionymus rnaculatus, Bonap., captured in the Firth of Clyde on
October 4th, 1901. This is an addition to the Clyde crustacean fauna,

and an extension of the distribution of the species (see also a further

reference to this species under the record of Ghondracanthus ornatus).

HcBmohaphes cyclopterina (Fabr.).

A specimen of this parasite was obtained on the gills of a Butterfish,

Pholis gunnellus, L., captured in the Forth estuary during the preceding

summer. This appears to be an addition to the number of the hosts of

Htemohaphes cyclo'pterina.

The following are the names of the fishes mentioned by Steenstrup and
Lutken in their work on Parasite Copepoda (p. 65) as hosts for this

Hiemohaphes :—
Gottus gronlandicus, Gottus buhalis, Gottus scorpius, Cyclopterus

spinosus, Gadus merlangus, Gentronotus fasciatus, and Sebasfes nor-

vegicus. To this list have been added the Pholis gunellus mentioned above,

and Agonu cataphradus, also captured in the Forth, and on which

ffcemobaphes cyclopterina was obtained some years ago.

Fam. Chondracanthid^.

Genus Ghondracanthus, De la Roche (1811).

Ghondracanthus ornatus, T. Scott. PI. XIII., fig. 34.

Further specimens of this species have been obtained on the gills of

some Spotted Dragonets captured in the Clyde on October 4th, 1901,

both males and females were obtained on these Dragonets, and I am now
able to give a full-size figure of a male specimen, prepared by my son.

The specimen scarcely reaches half a millimetre in length, and is

moderately robust, as shown by the drawing (fig, 34).

A number of specimens of Hcemofjaphes ambiguus, T. Scott, were ob-

tained on the gills of the same sample of Spotted Dragonets, and as both

species were sometimes found on the gills of the same fish, the following

notes on the relative frequency of the two forms may be of interest.

Fifty-five fishes were contained in the sample collected on the 4th of

October, and on the gills of these, fifteen specimens of Hcemohaphes
ambiguus and eight of Ghondracanthus ornatus were obtained ; usually

the specimens of the two species occurred singly and on diiferent fishes,

but in several instances two specimens of the same species, or a specimen
belonging to each species, occurred on the gills of a single fish ; for

example, a Spotted Dragonet seventy-three millimetres in length had a

Ghondracanthus on one side and a Hiemobaphes on the other ; another

Spotted Dragonet had a Ghondracanthus and a Hcnmobaphes on
the same side. Another fish one hundred and four millimetres in length

had two Ghondracanthus ornatus on the same side, while the other side

was free of parasites ; a fourth specimen of Spotted Dragonet eighty-six
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millimetres in length had a Hcemohaphes on each side, but no Chondra-

canthus. The total number of parasites observed on this sample of fifty-

five Spotted Dragonets was twenty three, and they comprised fifteen

Ila-mohaphes amhiguus and eight ChondracaidJuts ornatus. It was also

observed that when only one parasite occurred it was frequently on the

right side—the fish resting on its ventral surface and with its head

toward the observer.

It may be further noted that seventeen specimens of the Common
Dragonet, Gallionymus hjra, captured at the same time and place, were

also examined, but no parasites were observed on them.

Fam. LERNJiOPODiD^.

Genus Thysanote, Kroyer (1863).

Thysanote impudica (Nordmann).

This species was recorded in Part III of the Eighteenth Annual
Eeport (p. 169), but there was some douht as to the exact locality where

the fish on which it was obtained came from, but I am able to record the

occurrence of another specimen which was obtained on the gills of a

Trigla hirundo captured in Burghead Bay, Moray Firth,on July 1st, 1901.

II.

TEEMATODA.

In the present paper I am able to record only two Trematodes in

addition to those described in my paper on Fish Parasites published in

Part III. of the Nineteenth Annual Keport, but they both appear to be

of special interest. They are each provided with a single large

posterior sucker which is discoidal and sessile or nearly so, and would
thus appear to belong to the Tristomatidse, but they differ in several

important i)oints not only from each other, but also from the Tristomes

described in my previous paper.

Fam. TRISTOMATIDiE.*

Genus Callicotyle, Diesing (1850).

C(dlicotyle Krijyeri, Diesing. PI. XIIL, fig. 30.

1850. Calicotyle Kr'dyeri, Diesing, Syst. helminth., vol. i., p. 434.

1856. Calicotyle Krdyeri, Hok, Ofvers of K. Vet. Akad.
Fbrhandl Stokholm, September 20th (1856).

1858. Calicotyle KrUyeri, Diesing, Denkschrift. d. K. Akad. d.

Wissensch, vol. xiv., p. 70. k., i, figs. 16-20.
1863. Callicotyle Kroyeri, P.-J. van Beneden and Hesse, Rech.

sur les Trematodes, p. 79
The Trematode which I ascribe to this species was obtained in the

cloaca of specimens of Raia radiata, Don., captured about 60 miles south-

east of the Shetland Islands on May 22ud, 1901. Specimens of the

same Trematode wore subsequently observed on liaia radiata ca[)tured

off Aberdeen ; as well as on a small Raia clavata captured in the Clyde

* In the Cambridge Natural History, vol. ii., p. 73, Van Beneden's division of the
Trematodes into Monogonea and Digonea is adopted, and Callicolifte is, along with other
two genera, placed in the sub-family Monocotylimc Tschbg—one of the three sub-families
into which the Tristomatida; are divided.
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on October 10th, 1901, and forwarded to the Laboratory at Bay of Nigg.

My sou has also obtained the same species on Raia c'avata captured in

Beaumaris Bay.* Professor P. -J. van Beneden in his work on the Fishes

of the Coast of Belgium (p. 16) records this Trematcde also from the

cloaca of the Grey Skate, Raia hatis .

Krliyer, after whom this Trematode is named, discovered the species on

Raia radiata, taken in the Kattegat,t and it is described very shortly

by Diesing in Vol, I. of his Sysfema Ilehnintlmm, published in 1850

(p. 431). In 1856 M. C.-T. Hok published a special work on this

parasite, Avhile Van Beneden and Hesse in their Recherclies sur les

Trematodes (p. 79) refer to a few of the more important characters which

serve to distinguish this species from others of the family Tristomatidae

to which it seems to btslong. Two of the more obvious of these

characters are, (1) the posterior sucker has seven rays and two spines,

and (2) the small sucker which in most of the Tristomatidie is present on

each side of the mouth at the anterior end is in this species apparently

wanting. The authors referred to appear to consider the latter peculiarity

as of special interest, for they remark " Ce qu'il ofFre de plus remarquable

jusqu'a present, c'est que, tout en appartenant a la famille des tristoinides

les ventouses anterieures semblent faire completement defaut."

This parasite, besides occupjdng a peculiar position on the fish, is usually

of an opaque white colour, corresponding very closely with that of the

skin on which it is adhering, so that unless the observer knows before-

hand what to look for, it is easily missed. If specimens with nearly ripe

eggs be closely examined, the sides (indicated in the figure by the darker

shading) will be seen to be of a faint yellow colour. The general form,

as might be expected, varies considerably, but that which is indicated by
the figure seems to be the more normal one.

Genus Acanilwcofijle, Monticelli, 1888.

(Saggio di una morfologia dei Trematodi, p. 97.)

Aranthoi'otyle monticellii, T. Scott, sp. n, pi. XIII., figs. 31-33.

A single specimen of a small Trematode was obtained on the gills of

a Thoriiback Skate, Raia rlacata, sent from the Fish Market at Aberdeen

in April, 1901—the fish was captured in the North Sea. This

Trematode belongs to the genus Aranilwrofijle instituted by Fr. Sav

Monticelli in 1888, but does not appear to agree with any of the species

already described. There have been three species of Acanthorofyle

described by Monticelli, and they have all been found adhering to the

skin of specimens of the Thornback Skate {Raia claoata) captured at

different times in the Gulf of Naples. The following are their names,

arranged in the order in which they were described.

(1.) AranfhocotyJe loUancoi, Monticelli, described in 1888 in a work

entitled Saijgio di una morfologia del Trematodi (p. 13). This species

was obtained on the dorsal surface of the Thornback Skate, Raia clarafa,

captured in the Gulf of Naples in December, 1887. It does not appear to

be a very rare species, but is easily missed ; it measures from three to six

millimetres in length, and its colour closely resembles that of the skin to

which it is attached.

* Fifteenth Annual Report of the L.M.B.C., and their Biol. Station at Port Erin (Isle

of Man), December, 1901, p. 13.

tl.V. Beneden and Hesse, in their Rwharches (p. 79),state that Kroyer found the worm
which served for the establishment of the genus in the rectum of Raia halis, but Diesing's

record is " Habitaculum—iicu'« rcuUahi ; in corporis super ficie, Kattigat—( /uoyer).
"



of the Fishery Board for Scotland. 301

(2.) Arnnfliorotyle elegans, Mouticelli. This was described in 1890

(Boll. Soc. Napoli, iv., p. 191, fig. III.), it measures from two to four

millimetres in length, and, like the other, was found on the back of a

Thornback Skate captured in the Gulf of Naples.

(3.) Acantlwrotyle oliyoterus, Monticelli. This species was obtained on

the under (ventral) side of a Thornback Skate captured in the Gulf of

Naples in 1893, but Avas not described till 1899, in Archives de

Parasitologie, II. No. i., p. 115. This appears to be the smallest of the

three species, as it measures only from one and a half to two and a

half millimetres.

The learned author, after whom the present species is named, informs

me that another Amntlitcotyle—A. verrilli, Goto—is described in Journ.

Coll. Sc. Imp. Univ. Tokyo, 1899, p. 4; but that our species differs from

it as well as from the others mentioned above.

The following are one or two of the more easily observed characters

which distinguish AcanthocotyJe from other Trematodes, and by which
also the different species of Acantlwcotijle may be distinguished. First,

the structure of the posterior sucker (ventouse) differs from that of other

Trematodes ; this sucker is provided with numerous rows of .small teeth

—

twenty rows appear to be the prevailing number, as this is the number
in the species I record (see fig. 32), and it is also the number in the three

species described by Monticelli. Second, the large posterior sucker is

provided with a minute supplementary disk—the " adhesive disk,"

—

situated at its posterior end (as shown in fig. 32). In Acanthocotyle

lobiancoi this disli is tongue-shaped (lingualate), but in the other three

species it is circular in form. In Acanthocotyle elegans the posterior

edge of the adhesive disk is almost in line with the posterior margin of

the large sucker.* In A. olii/oterus about half of the adhesive disk

extends beyond the margin of the sucker ; while in A. concinna the whole
of the disk is outside.

The adhesive disk is armed with a number of small hooks that appear
to be placed at the ends of the stalk-like processes, and which in their

form and arrangement differ to some extent in the different species. In
A. lobiancoi these hooks, which appear to be eight in number, are arranged
along and just within the posterior margin, their stalks being directed

inward like the radii of a circle. In A. elegans and A. oHgoterus, the
number of hooks is fifteen, and they are arranged in regular order all

round and a little within the circumference of the disk, with their stalks

directed towards its centre. In A. monticellii, on the other hand, the
adhesive disk appears to be furnished with sixteen hooks, fourteen of
which are arranged somewhat irregularly around the circumference, while
two are sub-central ; the stalks of these hooks are not directed toward the
centre so regularly as in the other species.

It may also be noted that in the species recorded here the teeth form a
continuous row, each being joined to the other as shown in figure 32a.
Acanthorotyle moriticellii appears also to be a larger species than any of
those described by the author referred to; the largest of the species
recorded by him is A. lobiancoi, which measures from three to six
millimetres in length, whereas the length of our specimen extends to about
six and a half millimetres.

It may be of interest to state that M. Monticcelli, who very kindly
examined for me not only this but also several other Scottish Trematodes,

* lu this species, the margin of the large sucker is fringed with short, narrow, and
somewhat irregular scallops

;
and in this respect it differs from the next two species in

which the niarjjin of the sucker is plain.



302 Part III.— Twentieth Annual Report

remarks concerning the Acanfliocotyle now recorded, that it is a very

distinct new species, and differs from others :

1. In its general features.

2. In its more slender and elongated body.

3. In the anterior suckers not being well developed, and somewhat re-

sembling those of A. verrilli, Goto.

4. In the great development of the anterior glands.

.5. In the form and structure of the hooks of the posterior sucker.

6. In the testes being smaller in number, and apparently more
developed.

A second species—probably A. lohianeoi, Monticelli, has recently been

obtained in some material from the Firth of Clyde ; this specimen, which
measures 2*4 mm., will, however, require further study, as it is somewhat
imperfect.

EXPLANATION OF THE PLATES.

PLATES XII.—XIII,

PLATE XIL

Eudactylina similis, sp. n.

Female, side view
Male, side view .

Antennule, female
Antenna, ,,

Mandible, ,,

Maxilla, ,,

Anterior foot-jaw, female
Posterior foot-jaw, ,,

Foot of first pair, ,

,

Foot of second pair, ,,

Foot of fourth pair, ,,

Foot of fifth pair, ,,

Part of abdomen and caudal furca, female

Antennule, male....
Posterior foot-jaw, male
Foot of first pair, ,,

Foot of second pair, ,,

Foot of fourth pair, ,,

Part of abdomen and caudal furca, male

Eudactylina acuta. Van Beneden

Fig. 20. Female, side view
Fig. 21. Antennule
Fig. 22. Foot of first pair

.

Fig. 23. Foot of second pair

Fig. 24. Foot of fifth pair

Fig. 25. Part of abdomen and caudal furca

Fig.
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PLATE XIII.

Eudactylina acanthii, A. Scott.

303

Fig.

Fig.

Fig-

Fig.

Fig-

Fig.

Fig.

Fig.

Fig.

1. Female, side view

2. Female, dorsal view

3. Antennulc
4. Antenna . • - •

5. Foot of first pair .

6. Foot of second pair

7. Foot of fourth pair

8. Foot of fifth pair

9. Part of abdomen and caudal furca

ClavcUa labracis, Van Beneden.

Fig. 10. Female, dorsal view

Fig. 11. Antennule
Fig. 12. Antenna .

Bomolochus sokce, Claus, var.

Fig. 13. Female, dorsal view

Fig. 14. Antennule
Fig. 15. Posterior foot-jaw

Fig. 16. Mandible .

Fig. 17. Maxilla .

Fig. 18. Anterior foot-jaw

Bomolochus onosi, sp. n.

Fig. 19. Female, dorsal view-

Fig. 20. Antennule
Fig. 21. Posterior foot-jaw, female

Fif

.

22. Posterior foot-jaw, male

.

Bomolochus ze^igopferi, sp. n.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

23.

24.

25.

Female, dorsal view

Antennule
Posterior foot-jaw

26.

27.

28.

29.

Fig. 30.

Fig.

Fig.

Fig.

Fig.

Caligus labracis, sp. n.

Female, dorsal view .
. • •

Male, dorsal view . •
•

Sternal fork, female .
. • •

Foot of fourth pair, female

Oallicotyle krdyerii, Diesing.

Seen from the ventral side

Acanthocotyle monticellii, sp. n.

31. Seen from the ventral side .

32 Posterior sucker (.s. adhesive disk)

32a. Teeth of one of the rays of posterior sucker .

33. Adhesive disk .
• • •
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v.—THE ECHINODERMS OF THE MORAY AND CROMARTY
FIRTHS.

By Fred G. Pearcbt.

It has been often considered desirable to draw up lists of the various

groups of the invertebrate animals which inhabit the sea bottom in the

areas where the supply of food fishes is obtained, and upon which the

fish themselves depend more or less for their food supply.

This report comprises the Echinoderms that have for the greater part

been taken by trawl or dredge over and near the areas of the sixteen

stations laid down for special observations in the Moray and Cromarty
Firths. It cannot, however, by any means be considered an exhaus-

tive list for the whole of both areas, as will be seen by reference

to the chart, since the stations cover but a small portion of either the

Moray or Cromarty Firths. I have, however, when opportunity afforded,

trawled and dredged outside or near these localities, as well as in isolated

spots, the results of which are here incorporated, so as to make the list as

complete as possible.

The discussion of the distribution of the various species is founded
upon 117 liauls made by means of the dredge, beam-trawl, otter-trawl,

or small shrimp-trawl. In Table A are given the physical characters of

the Stations, viz., nature of the bottom, depth of water, and the temper-

ature of the water at the bottom at the time of each haul. The
numbers of specimens of each species obtained on each station by all

the hauls made there are 5et out in Table B. From these data a certain

amovmt of information regarding the most favourable habitat of each

species is available. I have, however, left this question over for further

and more direct observation.

In drawing up these lists I have made use chiefly of Mr. F. Jeffrey

Bell's British Museum Catalogue of the British Echinoderms for the

identification of the species here enumerated, and have followed the

classification there given. After each species I have noted the names of

the common fishes which are definitely known to prey upon it.

For the list of bearings of each station I am partly indebted to Captain

Robert Campbell, of the "Garland," to whom I wish here to tender my
thanks.

Bearings of Special Stations in the Moray and Cromarty
Firths.

Station I. extends in a straight line from W. ^ N. to E. | S. Brough

Head Pier bearing S.E. | E., distance 1^ miles, to Findhorn Spit,

Station II. extends in a semi-circle E. to W. off Nairn, bearing S. W.
by W., distance 4| miles, extending parallel to the beach line for

about 4 miles.

Cromarty Firth.

Station III. extends in a straight line W.N.W. to E.S.E. from off

Cromarty village, nearest the south side, westward, passing the

mouth of Udall Bay, till abreast of Black Buoy, Chapelton Point.
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Dornoch Bay.

Station IV. extends from N.N.E to S.S.W., curving parallel to the beach

line, Embo Point bearing N.W. by W. f N., distant | mile, till

Dunrobin Castle bearing W. by N. \ N., distant 3i miles.

Station V. extends in a straight line from N.E. by E. to S.W. by W.
Dunrobin Castle bearing N.W. by W., distant 4^ miles ; Embo Point

bearing W. by N. \ N., distant 34 miles.

Station VI. extends in a straight line from W. to E. Tarbet Ness Light-

house bearing south, distant 2| miles, till Fairway Buoy bearing S.

I E., distant | mile.

Moray Firth.

Station VII. extends in a straight line from E. by S. | S. to W. by N. | N.

Tarbet Ness Lighthouse bearing west, distant 4 miles, till Tarbet

Ness Lighthouse bearing W. | N., distant 7 miles.

Station VIII. extends in a straight line from N. by W. to S. by E
Covesea Lighthouse bearing S.S.W., distant 8| miles, till Tarbet

Ness Lighthouse bearing W. by N., distant 12 miles.

Station IX. extends in a straight line from N. by E. to S. by "W.

Covesea Lighthouse bearing S.W. \ S., distance 10| miles, till

Covesea Lighthouse bearing S. by S. \ S., distant 12| miles.

Station X. extends in a straight line from N.W. k W. to S.E. \ E.

Covesea Lighthouse bearing S.W. by W., distant 5^ miles, till

Lossiemouth Pierhead bearing W. by S., distant 5| miles.

Station XL extends in a straight line from W. by S. to E. by N. (West
end) Ord of Caithness bearing N.W by W. ^ W., distantl6| miles.

(East end) Scarabein Mountain bearing N.W. by W. | W., distant

from coast line 19 miles.

Station XII. extends in a straight line from N. by W. to S. by E.

(North end) Scarabein Mountain bearing W.N.W., distant from
coast line 16;^ miles. (South end) Ord of Caithness bearing N.W.
by W. J W., distant 21 miles.

Station XIII. extends in a straight line from N. by W. to S. by E.

(North end) Scarabein Mountain bearing W. by N. h N., distant

from coast line 21^ miles. (South end) Scarabein Mountain bearing

N.W. by W. 4 W., distant from coast line 24| miles.

Station XIV. extends in a straight line from N. by W. to S. by E.

Clythness bearing W. by N. | N., distant 3 j miles ; Scarabein

Mountain bearing W. by N. | N., distant from coast Hue 13 miles.

Station XV. extends in a straight line from N. by W. to S. by E.

(North end) Scarabein Mountain bearing N.W., distant from coast

V
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line 10 miles. (South end) Orel of Caithness bearing N.W. \ N.,

distant 15 1 miles.

Station XVI. e tends in a straight line from N. h E. to S. | W. (l!^orth

end) Scarabein Mountain bearing N.W., distant from coast line

24^ miles. (South end) Ord of Caithness bearing N.W. \ N"., distant

28| miles.

HOLOTHUEIOIDEA.

Dbndrochirot^.

Cucumaria.

Cucumaria frondosa. Gunnerus.

1892. Cucumaria frondof^a, Bell, Brit. Mus. Cat., pp. 39, 40,

pi iv., fig. 2.

Cucumaria frondosa is the most common Holothurian in the Moray
and Cromarty Firths. I have taken it at twelve of the sixteen special

stations in from 6 to 41 fathoms, often exceeding a foot in length, and
four inches or more in diameter. It is well distributed over the whole of

both areas, and was found in considerable numbers at Stations III., XI.,

and XIV.
The bathymetrical range of this species extends in the British seas, so

far as is known, from 6 to 70 fathoms, but it is a widely distributed

form, and has been obtained ofT the Florida Reefs and the coasts of Cali-

fornia in from .3 to 220 fathoms.

Cucumaria fu,cic()la, Forbes and Goodsir.

1892. Cuciwiaria fui'irola, Bell, Brit. Mus. Cat., p. 40.

Two specimens of this doubtful species were obtained by me in the

Cromarty Firth by shrimp trawl, between luvergordon and Alness Point,

in 7 3 fathoms, adhering to the roots and stems of Laminari<e. This

species has been regarded ])y some authors as the young of Cucumaria
frondosa. One of the two specimens obtained by me was found on
dissection to correspond with the diagnosis given by Mr. F. Jeffrey Bell

in his catalogue of the British Echinoderms. The type specimens were
found not uncommon in Bressay Sound, Shetland, in 7 fathoms, also

adhering to the stems oi Laminario'.

The bathymetrical range of Cucumaria fucicola is not definitely known.
This species has been found in tlie stomach of the following fish :

—

Haddock, Plaice, Lemon-sole, and Gomnton dab.

Cucumaria lactea, Forbes and Goodsir (Diib. and Kor.).

1892. Cucumaria lactea, Bell, Brit. Mus. Cat., pp. 38, 39,

pi. iii., fig. 2.

1897. Cucuinaria lactea, Pearcey, F.B. for Scot. Kept., No. 15,

p. 58.

Cucumaria lactea has been obtained at two stations only, viz. III. and
VIII. It appears to be a rare form in the Moray Firth, but its small

size (^ to 1 inch in length) may be the cause of its having been over-
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looked. More diligent search in favourable localities would probably

prove it to be more abundant.

Its batliymetrical range in the British seas, so far as is known, extends

from extreme low water down to 50 fathoms.

This species has been taken in the stomachs of Cod, Haddock, and

Plaice.

Thyone.

Thmnefusus, 0. F. Miill.

1 892. Th7/07ie fusu^, Bell, Brit. INfus. Cat., p. 42, pi. v., fig. 1
;

pi. vii., tig. ?.

l'hyo7ie fimis is apparently rare in the Moray Firth.

Only two specimens have been taken, at two localities, viz. Stations

X. and XIV., in from 19 to 42 fathoms, and one in the Cromarty Firth

between Invergordon and Alness Point, in 11 to 5 fathoms.

The bathymetrical range of this species in the British seas is from 15

to 100 fathoms.

It has been taken in the stomach of Haddock.

Thyone raphanns, DUb. and Kor.

1892. Holothuria raphanus, Bell, Brit. Mus. Cat, pp. 42, 43,

pi. v., fig. 2
;

pi. viii., fig. 3.

1896-7. Holothuria raphanus, Scott, F.B for Scotland Report.

Part III., 1897, p. 162, pi. iv., fig. 3.

Thyone raphanus is very rare in the Moray Firth, only one specimen

having been obtained, at Station XVI. So far as I am aware it has never

before been taken in this area, although it is not uncommon off the

Shetland Islands, and common on the west coast and in the lochs of the

Clyde area.

Its bathymetrical range in the British seas extends from 20 fathoms

in Loch Fyue to 570 fathoms in the Faroe Channel.

The head of this species has been found in the stomach of Cod,

Haddock, and Plaice.

PSOLUS.

Psolus phanfapus, Strussenfeldt (Jager).

1765. Holothuria j)hantapus, Strussenfeldt, Vet. Ak. Hdlg.,

xxvi., p. 263, pi. 10.

1892. Psolus phantapus, Bell, Brit. Mus. Cat., pp. 44, 45, pi. vi.,

fig. 1, and pi. viii., fig. 4.

Only one specimen of this species has been obtained by me in the

Moray Firth, at Station I., in 7 to 8| fathoms. P.-iolic-^ pJiantapii,^ has

not hitherto been recorded from this area.

Its bathymetrical range extends from 7 to 127 fathoms.

ASTEROIDEA.

Astropectininoi.

Astropeden irrer/ufaris, Pennant.

1885. Astropecte^i irrpijularlm, Pearcey, Proc. Roy. Pliys. Soc.
Edinb., p. 404 ; F.B. for Scot'd. Rept., No. 17, 1897, pp,
57-63.
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1892. Astrojjeden irreyularis, Eell, Brit. Mus. Cat., Echin.,

pp. 66-68.

1892. Astropeden irregularis, Scott, F.B. for Scot'd. Rept., No.
11, 1892, pp. 126, 127.

I have taken Astropeden irregularis at all the special stations except
II,, III., and XIV. It appears to be well, though sparingly, distributed
over the whole of the Moray Firth in from 6 to 42 fathoms.

Its bathymetrical range in the British seas extends from 6 to 500
fathoms. It has also been taken in 1000 fathoms off the S W. coast of

Ireland.

This species has been taken in the stomach of Cod, Halibut, and
Co7iger.

LuiDim^.

Luvlia ciliaris, Johnston.

1890-1-2. Luidia savignii, Scott, Proc. Roy. Phys. Soc, Edinb.,

p. 82.

1892. Luidia ciliaris, Bell, Brit. Mus. Cat., pp. 70, 71

Luidia ciliaris has been taken by me at seven of the sixteen special

stations in the Moray Firth, all of which, with the exception of Station

VI., are situated well off shore, and in not less than 17 fathoms. This

species appears to be fairly well, althougli sparingly, distributed through-

out the Moray Firth. I have not found it in the Cromarty Firth. It is

by far the more common of the two species of Luidia.

L. sarsi is confined more to deeper water ; it has not been taken in

less than 26 fathoms.

The bathymetrical range of Luidia ciliaris, so far as is at present

known, extends, in the British seas, from 8 to 55 fathoms. It has also

been taken in the Mediterranean at a depth of 87 fathoms.

Luidia sarsi, Diib. and Kor.

1884. Luidia sarsi, Pearcey, Proc. Roy. Phys. Soc, Edinb..

p. 404.

1890-1-2. Luidia sarsi, Scott, Proc. Roy. Phys. Soc, Edinb.,

p. 82.

1892. Luidia sarsi, Bell, Brit. Mus. Cat., p. 72.

Luidia sarsi is by no means a common form in the Moray Firth. It

has been taken at four stations only, and never more than one specimen

at a time, being confined to the deeper water of the farthest oft'-shore

statious, where the bottom deposit is composed for the most part of a

gray coherent mud.
Its bathymetrical range extends from 26 to 374 fathoms.

HiPPASTERIAS.

Hippasterias plirygiana, Linn.

1892. Hippasferias nhrygiana, Bell, Brit. Mus. Cat., pp. 76,

77, 78.

1892. Hippasterias plirygiana, Scott, Ann. Scot. Nat. Hist.,

p. 49, pi. ii. ; Scott, Proc Roy. Phys. Soc, Edin., 1890-91

(92), p. 82.
_

_

•

Hippasterias j^hfggiana has been taken at eight stations, all in the

deeper water farthest from shore, in not less than 20 fathoms ; below this

depth it appears to be Avell distributed over the Avhole of the Moray
Firth. It has not been found in theCromarty Firth.
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The haihynictrical rango of the species extends, in the British seas,

from 20 to 82 fathoms. It has also been obtained in the North Atlantic

at a dej)th of 150 fathoms. At Station X. in the Moray Firth, 19 to 42

fathoms, a fine specimen with only four rays was obtained.

GYMNASTEIlIinyE.

Porania.

Poraiiia jmlcillu^, O. F. Miiller.

1892. Porania imJvillus, Bell, Brit. Mus. Cat., pp. 79, 80, \>\. x.,

figs. 7 and 8.

1896. Porania jmlvillus, Scott, F.B. for Scotd. Rept., No, 15,

p. 161.

Only one specimen of Porania I'^ulvillus has been taken by ma in the

Moray Firth area, at Station XIY., in 29 to 35 fathoms. Mr. F. Jeffrey

Bell, in his Catalogue of Britisli Echiuoderms, gives the late Dr. Suther-

land, of Invergordon, as the authority for its having been obtained off the

Ross-shire coast, Init gives no depth.

Its bathymetrical range extends in the British seas from 10 to 40

fathoms. It has also been taken by the Porcupine Expedition ofi" the

west coast of Ireland in 106 fathoms.

P. imlvillus appears to be very rare in the Moray Firth. On the west

coast and islands of Scotland it is comparatively common.

AsTERINIDiE.

Palmipes.

Palmipes placenta, Pennant.

1872. Palmipes placenta, Bell, Brit. Mus. Cat., pp. 84, 85,

1892. ,, „ Herdman, Livpl. Marine Biol. Assoc.

1890-91) 1892). Palmipes placenta, Scott,Proc.R.P. Soc, Edin.,

p. 82 ; Pearcey, F.B. for Scotland Rept. 17, 1897, pp. 59, 60.

Palmipes placenta has been taken by me on four occasions in the

Moray Firth, at two stations only, viz. Stations VIII. and X., in 17 to

36 fathoms. I consider it, therefore, an uncommon form in this area.

Its bathymetrical range in the British seas extends from 5 fathoms on

the west coast of Scotland, where it is found moderately common to 110

fathoms in the Firth of Lome.

Stichasterid.^;.

Stichaster.

Stichaster roseus, 0. F. Mlill.

1884. Stichaster roseus, Pearcey, Proc. Roy. Phys. Soc, Edinb.,

p. 404.

1892. ., Scott, F.B. for Scotland Rept., p. 161.

,, ,, Bell, Brit. Mus. Cat., pp. 85, 86.

Stichaster roseus is apparently a rare form in the Moray Firth. I have

only obtained it twice, at Station VII., in 25 to 33 fathoms.

Its bathymetrical range extends in the British seas from 10 to 50
fathoms, but it has been taken off the Irish coast at a depth of 200
fathoms.
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iSoLASTERIDiE.

Solaster.

Solaster papposus, Fabr.

1892. Solaster papposus, Bell, Brit. Mus. Cat., pp. 89, 90.

1896-97. „ „ Scott, F.B. Soot. Rept., p. 161.

1884. „ ,, Pearcey, Proc. Roy. Phys. Soc,

Edinb., p. 404.

Solaster iiappof^ics is a moderately common form in both the ]\loray

and Cromarty Firths.

I have taken it at eleven stations in the Moray Firth, 7 to 35 fathoms,

and tind it generally distributed in the lower reaches of the Cromarty

Firth, in from 4 to 20 fathoms.

This species is found more or less commonly all over the British seas,

its bathymetrical range extending from 4 to 632 fathoms (if we include

the Faroe Channel). At Station XIV., 18/11/97, one very large specimen

was obtained, measuring 13| inches across the arms.

Solaster endeca, Linn.

1892. Solaster endeca, Bell, Brit. Mus. Cat., pp. 90-91.

1896-97. Solaster ewleca, Scott and Pearcey, F.B. Scot. Rept.,

pt. 15, p. 161.

Solaster endeca lias been taken by me at eleven stations in the ]Moray

Firth, from those along the coast to the farthest off shore, and at three in

the Cromarty Firth. It appears to be well distributed, although

sparingly, throughout both areas.

Its bathymetrical range extends in the British seas from 7 to 80

fathoms; it has also been taken in the Arctic Ocean at a depth of 150

fathoms.

ECHINASTERIDiE.

Henuicia.

Henricia sanguinolenta, O. F. Mill].

1840- Gribella ociilata, Forbe.s, British Startish, p. 100.

1892. Henricia sanyuinolenta, Bell, Brit. Mus. Cat., pp. 95, 96.

1896-97. Henricia sanguinolenta, Scott and Pearcey, F.B. Scot.

Kept., 15, p. 161.

1884. Gribella sanguinolenta, Pearcey, Proc. Roy. Phys. Soc,

Edinb., p. 404.

Henricia sanguinolenta is not a common form in the Moray Firth,

very rarely more than a single specimen being taken in any one haul. I

have obtained this species at eight stations in the Moray Firth, and at

two in the Cromarty Firth, in from 7 to 37 1 fathoms.

The greatest number taken at one haul was seven young specimens, by

the otter trawl, off the Suter Heads of Cromart}', in 13 to 15 fathoms.

Its bathymetrical range extends in the British seas, including the

Faroe Channel, from 5 to 555 fathoms.

It is also recorded from the North Atlantic Ocean from a depth of

1350 fathoms.
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ASTERIID.E.

AsTKUIAS.

Asterias rii/je?iSy Liun.

1885. Asterias rubens, Pearcey, Pruc. Koy. Pliys. Soc, Edinh.,

p. 404.

1892. Asterias rnhens, Bell, Brit. Mus. Cat., i>p. 100-102.

1896-97. Asterias rul>ens, Scott, F.B. Scot. Kept., If), p. 161.

Asterias ruliens is the most common asterid in the British seas. It is

found abundantly and generally distributed over the whole of both the

Moray and Cromarty Firths, but most abundant in from 6 to 15 fathom.'^.

Its bathymetrical range in the British seas extends from low-water

mark down to 125 fathoms off the Shetland Islands.

Asterias rubens, var. attenuata, Hodge.

Two specimens of this variety were obtained, at Station XIV., in 29 to

40| fathoms, and in the Cromarty Firth, between Invergordon and
Alness, in 11 to 5 fathoms.

I have also dredged it oft" North Rona, in 56 fiithom.s, and at

Tobermory, Mull, in 30 fathoms.

Its bathymetrical range is not deHnitely known. Young specimens of

.1. rulfcns have l)een found in the stomachs of IlaitdocA; Plaice, and
Long-roui/h dab.

Asterias Mtirrai/i, F. -T. Bell.

1891. Asterias Mtirray/, F. Jeftreys Bell, Ann. and Mag. Nat.

Hist., vii., p, 478, pi. xv.

1892. Asterias Murrayi, Bell, Brit. Mus. Cat., p. 103, PI. xii.,

figs. 1 and 2.

Asterias Murrrayi is here recorded for the first time from the Moray
Firth.

It appears, so far as my observations have extended, to be a rare form
in this area. Three specimens only have been taken ; two typical and
one doubtful, at Stations IX. and XII., in 27 1 to 36 fathoms.

Hitherto this species has been obtained only from the Firth of Clyde
area, where it was trawled and dredged by Sir John Murray and myself
for the first time in 1888-90 in from 20 to 65 fathoms. It is also

recorded from the west coast of Ireland, but no depth or exact locality is

given.

It is therefore of considerable interest to have discovered this beautiful

species inhabiting the waters of the east as well as the west coast of

Scotland.

Asterias hispida, Pennant.

1890-91. Asterias hispida, Scott, Proc. Roy. Phys. Soc, Edin-
burgh, p. 81.

1892. Asterias hisjnda, Bell, Brit. jMus. Cat., pp. 103, 104.

One specimen of this doubtful species was obtained by me, in the
ordinary trawl, at Station XII. in 22.j to 25 fathoms on Smith Bank. I

have not met with it elsewhere in the~Moray Firth.

It has been taken by Mr. Thomas Scott, F.L.S., Naturalist to the Fisliery

Board for Scotland, in fair abundance at Kessock Ferry, at the entrance
to the Beauly Firth, near Inverness, in fully 18^ fathoms. Mr. Scott
says the specimens that he obtained were, when living, easily distinguished
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from the young of Asferias ruhens by their prominent spinulation.

Asterias M^pidus has also been taken by the Rev- Canon Norman ofT

the Outer Skerries, Shetland, and off the coast of Co. Down, the only

other two localities known.

The bathymetrical range of this species, so far as is at present known,
extends from 18| to 25 fathoms.

Specimens which appear to belong to this species have been taken by

me from the stomachs of Haddoclc, Turhot, and Plaice.

Ampliiura elegans (Leach).

1892. Amphinra elegans, Bell, Brit. Mus. Cat., pp. 119, 120.

I have taken Amjjlmira elegans at four stations only, two in the Moray
and two in the Cromarty Firths, in from 6| to 1 7 fathoms, but always in

small numbers, never more than five at one haul, and in most case.s con-

cealed among the finer roots of Laminaria.

Its bathymetrical range in the British seas is confined from low spring

tide to 17 fathoms.

Ophiactis.

Ophi%ctis Ballii, Thompson.

1892. Ampliiura Balli, Bell, Brit. Mus. Cat., pp. 123, 124.

I have not taken Ophiactis Ballii in the Moray Firth myself, but have

included it in this list on the authority of Messrs. Hoyle* and Edward.

The bathymetrical range of this species in the British seas extends

from 40 to 363 fathoms.

Ophiopholis.

Ophioijhoiis aculeata, Linn.

1892. Op]uop>liolis aculeata, Bell, Brit. Mus. Cat., pp. 125, 126.

I have taken Ophiopholis aculeata at four of the special stations ; it is

comparatively rare in the Moray Firth proper, but fairly abundant in the

Cromarty Firth, from Castle Craig down to the Suter Heads of Cromarty,

in 6 to 15 fathoms. Its favourite habitat here is among the roots of

Laminaria and colonies of Sahellaria alveolata, where it delights to

nestle in the hollows and crevices, squeezing its disk and twisting its

arms so as to conform to all the irregularities of the surface to which it

attaches itself.

Its bathymetrical range in the British seas extends from 5 to 560

fathoms. It is, however, chiefly confined to depths from 5 to 20 fathoms.

Ophiopholis aculeata has been found more or less commonly in the

stomachs of Cod, Haddock, Plaice, and Common dab, Halibut, Turbot,

and Cat-fish.

OPHlOCOMm
Ophiocoma.

Ophiucoma nigra, Abilg.

1892. Ophiocoma nigra. Bell, Brit. Mus. Cat., pp. 129, 130.

Ophiocoma nigra is a very rare form in the Moray Firth. 1 have

taken only two specimens, at Station I., off Burghead Bay, in 8| to 17J

*• Bell Brit, Mus. Cat., 1892, p. 103.



of the FUlterji Board fur ScoilaiuL 313

fathoms. I liave not found it in the Cromarty Firth. It is also recorded,*

on the aiithority of the late Dr. Sutherland, of Invergordon, from the

east coast of Ross-shire, but no depth is given.

The bath} metrical range of 0. nigra extends from 3 to 20 fathoms

(in the Firth of Clyde, where it is extremely abundant) to 87 fathoms (in

the F'arcie hannel).

OPHIOTHRICID^.

Ophiothrix.

Oph iothri.i' fragilis, Abilg.

1892. Ophiothrix fragilis, Bell, Brit. Mus. Cat., pp. 131, 133.

Ophiofhrix fragi/is has been taken in moderate iiunibers at nine of the

Moray Firth stations, and is found fairly abundant all along the main

channel of the Cromarty- Firth, from above Castle Craig to the Suter

Heads, in from 3 to 10 fathoms.

Its bathymetrical range extends from low spring tide mark, or the

Laminarian zone, to 516 fathoms.

It is often found in the stomachs of Cod, Haddoch; Cocd-Jish, Cat-fish,

Plaice, Turbot, Halibut, Lemon-sole, Long-rough dab, and Common dab.

CLADOPHIUR^.

ASTRONYCIN^.

AstroNyx.

Astrong.c Lovenl, Miill. and Tr.

1892. Astronyx Loveni, Bell, Brit. Mus. Cat., pp. 13(5, 137.

I have included this genus as doubtful from the IMoray Firth. I have

not taken it in the Firth myself, but four masters of Aberdeen trawlers

to whom I have shown specimens say that they have taken it in their

trawl, some 10 or 15 miles S. by E. of the Smith Bank, in 40 to 50
fathoms, but that it is very rare.

Mr G. Sim, of Aberdeen, also informs me that he obtained specimens

from the trawlers on several occasions, but he could not be sure that they

wei-e obtained in the ]\loray Firth area.

Astronyx Loveni has been obtained in the stomach of Halibut and

Conger.

OPHIUROIDEA.

Ophiura.

Ophiura ciliaris, Liiiu.

1892. Ophiura ciliaris, Bell, Brit. Mus. Cat., pp. 106, 107 108.

Ophiura ciliaris has been taken liy me at ten of the sixteen special

stations, in from 7 to 34 fathoms, and in abundance off the Suter Heads
of Cromarty, in 12 to 15 fathoms.

The bathymetricai range of this species extends in the British seas from

7 to 87 fathoms; in the latter depth I dredged it oft' the island of North
Rona in 1882.

In the Mediterranean this species has also been taken at a depth of 1 00
fathoms.

* Bell, op. lit.
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Specimens of Oplimra dliaris have commonly been taken from the

stomachs of God, Haddock, Wldt'mg, Coal-fish, Turhot, Halibut, Plaice,

Lemon-sole, Lomj-rougli dab, Common dab, Sail-fluke, Witch-sole, Cat-iish,

Gurnard, and other fiBhes.

Ophiura albida, Forbes,

1892. Ophiura albida. Bell, Brit. Mus. Cat., pp. 108, 109.

Ophiura albida has been taken at six stations in the Moray Firth in

from 24 to 41 fathoms, and off the Suter Heads of Cromarty in 12 to 15

fathoms.

Its bathymetrical range, in the British seas, extends (if we include the

Faroe Channel, where I have taken it by dredge in the warm area at 458

fathoms in 1882) from 12 to 458 fathoms.

This species has often been found in the stomachs of Cod, Haddock,

Whiting (rarej, Cat-fish, Coal-fish, Turbof, Halibut, Plaice, Common
dab, Long-rough dab. Witch-sole, and rarely in Gurnard.

Ophiura robusta, Ayres.

1892. Ophiura robusta, F. J. Bell, Brit. Mus. Cat., Echino-

derms, pp. 109, 110.

Ophiura robusta, so far as I am aware, has not hitherto been recorded

from the Moray Firth, where it appears to be an uncommon form. I

have taken it in two localities only, oft'Tarbet Ness in 10 to 18 fathoms,

and at Station XV. in 26 to 33 fathoms, on a bottom deposit of sandy

mud.
Its bathymetrical range in the British seas, so far as is at present

known, extends from 10 to 33 fathoms. It has, however, been taken at

a depth of 180 fathoms in the Christiania Fjord (Norman).

I have also found this species in the stomach of Haddock on Smith

Bank, IMoray Firth.

AMPHIURID.E.

Amphiura.

Amphiura chiajii, Forbes.

1841. Ophiocoma punctata, Forbes, British Starfishes, p. 37

(Young V).

1892. Amphiura chiajii. Bell, Brit. Mus. Cat., pp. 117, 118.

Only three specimens of Amphiura chiajii have been taken by me in

the Moray Firth, viz., at Station XIV., 27 to 40 fathoms, and so far as I

am aware it has never before been recorded from this area, but further

and more careful search in deposits of mud, on which it is generally

found, may prove it to be more abundant.

The bathymetrical range of this species extends in the British seas

from 20 to 120 fathoms. It was also dredged by me on H.M.S.
"Triton," in the warm area of the Faroe Channel from 555 fathoms.

Amphiura chiajii has been found in the stomach of Plaice, Witch-sole,

Common dab and Long-rough dab. Haddock, and Cod,

Amphiura filiformis, Forbes (0. F. Mtiller).

1892. Amphiura filifarms, Bell, Brit. Mus. Cat., p. 119.

Amphiura filiformis must also be regarded as a rare species in the
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Moray Firth. I have only taken five specimens, 3 from Station VII. and

2 from Station V., in 25 to 34 and 12 to 19 fathom.s.

As in the case of Ampliiura chiajii, there is reason for believing that

it may be found in greater abundance if specially searched for on suitable

ground.

The bathymetrical range of A. Jiliformis extends from 12 to 555

fathoms.

This species is often found in the stomachs of Haddock, Cod (rarely),

Whiting, Plaice, Common dah, Long-rough dah, Witch-sole, Sail-fluke.

ECHINOIDEA.

ECHINID^.

Echinus.

Ecldnus acutus, Lamk.

1883. Echinus acutus, Hoelker, Ann. Mus. Marseille., i. iii.,

p. 121.

1892. Echinus acutus, Bell, Brit. Mus. Cat., pp. 146, 147,

1895. „ „ Lamk., T. Scott, Annals of Scottish Nat.

His., p. 255 ; Note by Sim, Aberdeen.

One very fine typical specimen of Echimis acutus was taken at Station

XV. in 34 fathoms, the only specimen obtained. It must, therefore, be

regarded as a rare species in the ]Moray Firth.

The bathymetrical range of this species in the British seas, so far as it

is at present known, extends from 34 to 400 fathoms.

It was also trawled by the Challenger Expedition off Nova Scotia from

a depth of 1350 fathoms.

Echimis norvegicus, Diib. and Kor.

1885. Ecldnus norvegicus, Pearcey, Proc. Roy. Phys. Soc,

Edinb., p. 404.

1892. Echinus norvegicus, Bell, Brit. Mus. Cat., pp. 147, 148.

Echinus norvegicus appears to be, so far as my observations have

extended, a rare form in the Moray Firth, only two specimens having been

taken, at Station XIII., Smith Bank, in 28 to 30 fathoms. It is, however,

generally abundant wherever it is found. There is no record of its being

hitherto taken in the Moray Firth.

Its bathymetrical range in the British seas extends from 6 to 530

fathoms. It has been obtained off the coast of Japan, in a depth of 2435

fathoms.

Echinus norvegicus has been found in the stomachs or Cod, Haddock,

Halibut, and Cat-fish.

Echinus miliaris, Gmel.

1884. Echinus miliaris, Pearcey, Proc. Key. Phys. Soc, Edinb.,

p. 404, vol. viii.

1896. Echinus miliaris, Scott, F.B. Scot. Kept., pt. 15, p. 162.

1892. „ „ Bell, Brit. Mus. Cat., pp. 150, 151.

Echinus miliaris has been taken sparingly by me at two stations only

in the Moray Firth, viz. I. and II. I have both dredged and trawled it

in fair abundance in the Cromarty Firth. This well-known species is,

however, widely distributed in shallow water all round the British coasts.
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Its bathymetrical range extends from low-water mark to 56 fathoms
Echinus miliaris has been found in the stomach of Cat-fish.

Echinus esculentus, Linn.

1892. Ecldnus esculentus, Scott, Ann. 8oc. Nat. Hist., i., p. 49.

„ „ „ Bell, Brit. Mus. Cat., pp. 152, 153.

Echinus esculentus is the most common species in the Moray Firth, and
perhaps also in the British seas. I have taken it in more or less

abundance at all the special stations, in fact on almost every occasion

that the trawl or dredge was worked.
In the Cromarty Firth a marked variety is common, with test much

compressed; spines thick and short, often abnormal; with the inter-

ambulacral areas much sunken or compressed inwards, and the ambulacral

areas prominent and projecting.

This variety, so far as I am aware, is peculiar to the Cromarty Firth,

and recorded here for the first time.

The bathymetrical range of Echinus esculentus extends in the British

seas from the low-water line to 1 40 fathoms.

This species has often been found in the stomachs of Cat-fish.

StrongylocentTotus droehachiensis, 0. F. Miill.

1885. Strongylocentrotus droehachiensis, Pearcey, Proc. Roy.

Phys. Soc, Edinb., vol. viii., p. 404.

1892. Strongylocentrotus droehachiensis, Bell, Brit. Mus. Cat.,

pp. 156, 157.

1892. Strongylocentrotus droehachiensis, Scott and Pearcey, F.B,

Scot. Repts., 1890 to 1897.

Strongylocentrotus droehachiensis has been taken sparingly at seven of

the special stations in the Moray Firth, all small specimens.

In the Cromarty Firth, however, it is abundant, large, and the

tests in most cases are much compressed. I have taken in this locality as

many as 193 specimens in one haul of the trawl, in 6^ to 14 fathoms.

Its batliymetrical range extends in the British seas from 4 to 640

fathoms.

CLYPEASTRID^.

ECHINOCYAMUS.

Echinocyainus pusillus, O. F. Miill.

1885. Echinocyamus pusilhis, Pearcey, Proc. Roy. Phys. Soc,

Edinb., vol. viii., p. 404.

1892. Echinocyamus pusillus, Bell, Brit. Mus. Cat., pp. 160, 161.

1897. Echinocyamus pusillus, Pearcey, F.B. for Scot. Rept.,

pt. 16, p. 54.

Echinocyamus pusillus is not an uncommon form in the Moray Firth)

where I have taken it at nine of the special stations, in from 8 to 42

fathoms, and at one station in the Cromarty Firth, 5^ to 9f fathoms,

where it appears to be very rare.

The bathymetrical range of E. pusillus, in the British seas, extends

from 5 to 145 fathoms. This is a widely distributed species. It was

taken by the Challenger Expedition in great abundance off the coast of

Brazil, in 350 fathoms, in a deposit of red mud.
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It is often taken in the stuniachs of Cod, Haddock, Whiting (rarely),

Plaice, Sail-Jtuhe, Long-rough dab, Common dab, and Gurnard, (rarely). I

have taken as many as 85 perfect specimens from tiie stomach of one

haddock i;}|in. long.

SPATANGID^.

Spatangus.

Spatangus pm'pureufi, 0. F. Miill (Leske).

1885. Spatangus purpureus, Pearcey, Proc. Roy. Phys. Soc,

Edinb., vol. viii., p. 404.

1892. Spatangus purpureus, Bell, Brit. Mus. Cat., pp. 1G5, 1G6,

pi. xvi., fig. 10.

1892. Spafangiis pitrpureiis, Scott, F.B. for Scot. Report, ^11,

pt. iii., p. 126.

1897. Spatangus purpureus, Pearcey, F.B. for Scot. Rept.,

pt. 16, p. 61.

I have taken Spatangus purpureus in moderate numbers at seven of

the off-shore stations in the Moray Firth, and especially fine specimens on

and near Smith Bank. Those taken in the deeper water, 30 to 42

fathoms, on a muddy bottom, generally have the minute bivalve mollusc,

Montaciita suhstriata, attachecl to their spines.

Spatangas piirp^ireus is a very rare form in the Cromarty Firth.

The bathymetrical range of the species extends, in the British seas, from

5 to 530 fathoms. Its natural habitat, however, is in depths of from 20

to 50 fathoms, on a bottom deposit of sandy mud, where it is often taken

in aliundance.

Spatangas jmrpiireus has been found in the stomachs of Cod,

Iladdocl; and Cat-fish.

ECHINOCARDIUM.

Ecliinocardixim cordatum, Penn.

1885. Echinocardium cordatum, Pearcey, Proc. Roy. Phys. Soc,

Edinb., p. 404, vol. viii.

1892. Echinocardium cordattim, Bell, Brit. Mus. Cat.,

pp. 169, 170, pi. xvi., figs. 1-4.

1896. Echinocardium cordatum, Scott, F.B. for Scot. Rept., pt.

15, p. 162.

1897. Echinocardium cordatum, Pearcey, F.B. for Scot. Rept.,

16, pp. 57 to 63.

Echinocardium cordatiim, the commonest of all the British Heart
Urchins, is but sparingly distributed over the off-shore stations of the

Moray Firth, its natural habitat being in shallow-water sandy bays

along the coast, where it can be taken in great quantity. I have
taken it in small numbers at thirteen of the special stations in the Moray
Firth, but I have not found it in the Cromarty Firth, where the nature of

the bottom deposits is unfavourable to its existence.

The bathymetrical range of this species extends from the low^ spring

tide mark to 75 fathoms, in the British seas,

Echinocardium cordatum, has been found in the stomachs of Haddock,
Cod, Cat-fixh, Whiting, Plaice, and Halibut.
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Echinocardium ffavescens, 0. F. Miill.

1776. Echinocardium Jtavescejis, 0. F. Miill, Prod. Zool. Dan.,

p. 236.

1891. Echinocardium fiaresce^is, Scott, Proc. Roy. Phys. Soc,
Edinb., p. 82.

1892. Echinocardium Jlaveseens, Bell, Brit. Miis. Cat., pp. 171,

172, pL xvi., figs. 6 and 7.

Echinocardium Jlaveseens is a rare species in the Moray Firth, so far

as my observations have extended. I have taken six specimens, at four

of the special stations farthest from the coast line, in 30| to 42 fathoms.

It appears to be absent altogether in the Cromarty Firth.

The bathymetrical range of this species extends from 53 to 140
fathoms ; its natural habitat, however, is confined to depths between 40
and 100 fathoms, and on a bottom deposit of shell-sand and ooze.

Echinocardium Jlaveseens has been found in the stomachs of Haddock
and Cat-fish.

Brissopsis, Agass.

Brissopsis lyrifera, Forbes.

1885. Brissopsis lyrifera, Pearcey, Proc. Roy. Phys. Soc, Edinb.,

vol, viii., p. 404.

1889. Brissopsis lyrifera, Scott, Report Scot. Fishery Board,

p. 316 ; id., Ann. Scot. Nat. Hist. (1892), p. 50.

1892. Brissopsis lyrifera. Bell, Brit. Mus. Cat., pp. 172, 173,

174.

Brissopsis lyrifera is not an uncommon form in the Moray Firth, but

it is confined to the farthest off-shore waters in the greatest depths, on a

bottom deposit of homogeneous mud. I have taken this species iu

moderate numbers at five of the special stations, near Smith Bank, in ^4
to 42 fathoms. It was not found in the Cromarty Firth.

The bathymetrical range of this species, in the British seas, extends

from IOC?) to 200 fathoms. In the Southern Atlantic, however, it is

found in great depths. It was obtained by the Challenger Expedition off

the American coast, in a depth of 1555 fathoms.

Brissopsis lyrifera has been found in the stomachs of Cat-fish, Cod,

and Conger.

[Table.
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Table of the Species wmcu were found in the Moray and
Cromarty Firths.

(A cross indicates the presence of tlie species.)

Species,

Cuciimaria frondosa, Gunnerus,

,, fucicola, Forbes and Goodsii

,

,, lactea, Forbes and Good;
Thyoneftisns, 0. F. Miill., .

,, raphanus, Diib and Kor.

,

Psolus phantapus, Strasenfeld,

Astropecten irregidaris, Penn.,
Luidia ciliaris, Johnston, .

,, sat'-si, Diib and Kor.,
Hippistenas phrygiana, Linn.

,

Porania ptdvillus, 0. F. Miill.,

Pcdmipes placenta, Penn., .

Slichaster rosens, 0. F. Miill.

,

Solaster pappo-iiis, Fabr.

.

,, endera, Linn.,

Henricia sanguinohidu, O. F. Miill

Astenas ruJitns, L., .

,, rubens, var. attenuata, Hodge,
,, Miinayi, F. J. Bell,

,, hispidus, Penn.,
OpJiiiira ciliaris, L.,

,, cdbida, Forbes,

„ rohiista, Ayres,
Amphiura chiagii, Forbes, .

filifomiis, 0. F. Miill,

,, elegans. Leach, .

Ophiactis Ballii, Thompson,
Ophiopholis actUeata, L.,

Opltiocoma nigra, Obilg.,

Ophiothrix fragills, Obilg., .

Astronyx Loveni, M. Tr.

Echiims (icnfus; Lanik.,

,, nori'egicAis, Diib and Kor.,

,, miliariii, Gmel.,

,, escidentus, L.,

Strongylocentrotus droebachiensis, O. F Miill.

Echinocyunut-'i inisillus, 0. F. Miill.,

Sjtatuihju'^ purpureux, 0. F. Miill.,

Echinocardium cordatum, Penn.,

,, flavescens, 0. F. Miill

lirissopm-'s lynfcra, Forbes. .

OpSH
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Table A.

Giving the Dates upon which the Stations were Examined, with

THE Bottom Temperature and Depths found at the two ends

OP EACH Station.

MORAY FIRTH.

Num-



of the Fishery Board for Scotland.

Table A. Moray Firth—continued.
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Num-
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Table A. Moray Firth—continued.

Num-
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Tablk a. Cromarty Firth—continned.

Num-
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TAB
Showing the Total Number of Specimens of each Species taken by the various Hauls

" d " signifies by the dredge ;
" b " by the 25-feet beam trawl

;
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L E B.

made on the Stations. The letters placed after the number indicate the mode of capture :

" ot" by the otter trawl ;
" s" by the 15-feet beam shrimp trawl.
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VI. RATE OF GROWTH OF SEA FISHES.

II.

By Dr. T. Wemyss Fulton, F.R.S.E., Scientific Superintendent.

(Plates XIV.-XXI.)

During tlie autumn of 1900 and throughout the greater part of 1901

investigations were made on board steaui trawlers fishing from Aberdeen,

the employment of which at intervals within the territorial waters was

authorised by the Fishery Board. Tiie general results, so far as they

concern the numbers of the various species of fish taken on the different

grounds in the different months, are given in another part of this Report

(p. 92). In the course of the work opportunity was taken to measure the

fish brought on board in certain of the hauls, comprising most species of

the food fishes, and a very large amount of material was thus obtained

for the determination of their rate of growth. In the present paper the

observations made on the rate of growth of the plaice, common dab, long

rough dab, whiting, and haddock are given. The treatment of the

measurements of the other species has had to be postponed.

In the course of the enquiry it became evident that the method

employed was likely to furnish information of importance, not only

regarding the rate of growth of the food fishes, per se, but also with

respect to other subjects relating to their natural history and to certain

fishery problems. Among these may be mentioned seasonal migrations,

the distribution of the young and of the older generations, the influence

of temperature and of locality on growth, the determination of the size

and age at maturity, and the natural mortality, or death-rate, in a given

generation of the different species. With respect to the impoverishment

of certain grounds by overfishing, it is also obviously a matter of import-

ance to have an ample series of accurate measurements of the fish

frequsnting the grounds at different seasons in different years, since one

of the first signs of decrease in the abundance of fish is a diminution in

their average size, the larger and older individuals being removed in

greater proportion than the smaller. This has happened, for example,

with the plaice at the Dogger Bank and at Iceland, and I am informed by

skippers of trawlers that they do not now get so many large witches, or

pole-dabs, and megrims on the north-eastern grounds, off the Shetlands, as

Avhen these grounds began to be first trawled over, some five or six years

ago. Moreover, the average size of a species may normally differ in

different localities, and in different parts of the same sea, as the North

Sea (examples of which are given in the present paper), and this difference

in average size may not be due to difference in the seasonal temperature.

I think it probable, therefore, that a series of similar observations made
in different regions, e.g., of the North Sea, would furnish much useful

information on the questions above referred to, and it may be desirable

to describe in some detail the methods and treatment employed in the

course of the enquiry.

Methods.

The first requisite is to get a sufficiently large supply of fish at the

same time and place, and for this purpose the use of a large trawl is

necessary, as well as special nets. The otter-trawl of an ordinary steam

trawler is well adapted for the work, but owing to the smallest meshes,
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ill the cod-end of tlie net, being about 1| inches from knot to knot,

immense numbers of the smaller tishes escape through the apertures
;

and consequently the younger series or generations of the larger fishes,

and all or almost all the series of those fishes which when adult do not

attain a great size, may not be represented in the catch. Thus, with the

ordinary otter-trawl, only a few of the larger individuals of haddock or

whiting under one year of age are taken, while nearly all the Norway
pouts and herrings, most of the dabs, and all the sprats, escape capture.

With the ordinary otter-trawl it is only the measurements of the larger

fishes which are of value. In order to obtain the small fishes which pass

through the meshes of the tvawl, I made use of a fine-meshed net

twenty-five feet long attached to the upper edge of the cod-end, and
enveloping it loosely in its whole extent. It was tied about a yard

behind the termination of the cod-end, and when the net was brought up
and swung over the deck the fish in the small-meslied net were allowed

to fall into tubs and baskets, and were then removed from the " fish-

pond " Itefore the cod-end was opened. When working on rougliish or

hard ground the outer net was occasionally chafed, and this sometimes

occurred also on a sandy bottom when the cod-end of the trawl-net

happened to be old and heavy. It was therefore an improvement to lace

the fine-meshed net to a specially made cod-end of our own, with one-

inch meshes (to relieve the pressure on the fine-net when small fish were
abundant), and to substitute this fur the ordinary cod-end, which could

be done in about twenty minutes. A further improvement is tc buoy the

end of the net with a " pallet " or large float, used by fishermen, which
helps to raise it from the bottom, and when working on the edge of

hard ground to use a piece of old sail as a chafer under the net.

The small-meshed net referred to was made of hemp, with meshes aboutABC

Fui. I.—Showing the Meshes of the Nets employed.

one centimetre (| inch) square (A, Fig. 1) ; but while this net was found
sufficient to retain the great majority of small fishes which entered it—
and in autumn all the young haddocks, for example—experiment showed
that many of the smaller fishes on the bottom, especially in the summer,
were not taken. This was shown by attaching a third net, with still

smaller meshes (B, Fig. 1) around the end of the second net. In this
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third net young long rough dabs, Norway pouts, and sprats were found

which had passed through the meshes of the inner net. The inside of

the end of the fine-meshed net was also lined with mosquito netting,

somewhat larger in the mesh than that represented in the figure (r), but

when used on the bottom it was ruptured.

For enveloping the cod-end of the trawl, I have lately tried a cotton

net with meshes as represented in B, viz., about 6 mm. {\ inch) square.

It has been used on three occasions on the bottom, without mishap, and

by means of it smaller fishes have been taken. I am of opinion that a

net with meshes of even 4 mm. (y^^ inch) could be used in this way on

the otter-trawl with safety, provided the arrangements above described

are attended to, viz., the employment of a special lightly-made hempen
cod-end, with one-inch meshes, the buoying of the cod-end, and par-

ticularly when working on or near hard or rough ground, the use of

a canvas chafer under the whole of the fine net. Such a net ought, I

think, at all events in autumn, to take the smallest fishes which are then

on the bottom, unless perhaps such unusually elongated forms as

Lumpenus and pipe-fishes, and young gobies.

The ideal aimed at is the collection of complete series of fishes with

all sizes duly represented, and from this point of view it is worth con-

sidering carefully this and other methods employed.

In many cases the very young fishes are not to be found living on the

bottom, and they cannot therefore be taken with a bottom-net, however

tine the meshes may be. Such, for example, is notably the case with

haddock and whiting long after the post-larval stage, and even

certain post-larval flat-fishes, before transformation is completed, may
reach a considerable size (up to as much as 40 mm.) while still pelagic.

It is evident, therefore, that in order to obtain the early stages in due

proportion the method of collection must not be limited to the use of

bottom apparatus, but ought to include the use of adequate apparatus for

pelagic fishing in the layers of water between the bottom and the surface.

It is in this region that the methods of collection have been hitherto

least effective. The tow-nets ordinarily employed, with a ring a yard

or so in diameter, capture very few post-larval fishes compared with the

numbers that we know must be present in the water, and they only occa-

sionally take a specimen a little larger. The larger net introduced by
Professor M'Intosh for mid-water work, made of mosquito netting, has

been more successful, but its comparative delicacy requires that it should

be towed slowly, which has the disadvantage of enabling the larger

and more active young fishes to escape from it ; and experience on the

Garland shows that it is very liable to be ruptured unless in calm weather.

It is, moreover, not large enough to be effective for the purpose referred

to. On board trawlers I made use of tow-nets composed of the cotton

netting described above (B), with meshes about 6 mm. square, and with

a ring 5 feet in diameter, without much success, and I have used lately a

ring 10 feet in diameter with a similar net and lined inside with

mosquito netting. It has been used in winter only, when the mid-

water is comparatively barren, but the net itself stood the strain well,

and was uninjured. Ring-nets still larger were made use of by Dr.

Hjort in the expedition of the Michael Sars,*, and with good

success, young cod, haddock, and aaithe being taken in them in the

summer. Some of these nets were no less than 21 feet in diameter,

and formed of shrimp-netting, and others were 8 feet in diameter.

Judging from my experience with the 10-feet ring, nets of such large

dimensions must prove troublesome to work when the sea is at all

*Aarsberetning vedkommende Norges Fiskerier for 1900, 4de Hefte 1900, p. 253.
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rough, even if they are provided with hinges to fold up. Dr. Hjort

mentions also a pelagic otter-trawl as part of the equipment of the

Michael Sars, but states that it was little employed during the cruise.

The pelagic otter-trawl was introduced as an instrument of marine

research by the Prince of Monaco, and it is in this apparatus, I believe,

that we shall find what is desiderated. The ordinary otter-trawl, fitted

with fine-meshed netting, might itself be used for the purpose, but it

has the disadvantage that the lower part of the net lies far behind

the upper part, and fish disturbed and striking downwards (as they do)

may escape capture. It is well-known that a steam trawler by going

full speed aliead can lift the otter-trawl from the bottom, and I made use

of this fact for pelagic fishing, having the small-meshed (6 mm.) net

around the cod-end of the trawl and the head-line buoyed with a series

of " pallets " or large floats, the heavy ground-rope hanging down
keeping the mouth of the net open. It was towed for three-c^uarters

of an hour in GO fathoms off Aberdeen, with 85 fathoms of warp out,

but as the experiment was made in January, only three small fishes—

a

sprat, a post-larval herring, and a post-larval flat-fish—were taken.

Judging from the efiiciency of the net in capturing small fishes on the

bottom, I think its use in this way in raid-water in summer and

autumn, when" pelagic forms are numerous, Avould be successful.

There is another disadvantage in the ordinary otter-net employed as

I have described, both for bottom fishing and for pelagic fishing. While
the number of fishes taken by it in the former case has been proved

by practice to be large, and sufficient for the assortment of the diflerent

generations and the determination of the rate of growth, it is evident

that it does not furnish the real numerical proportion of the various

generations or series. The small-meshed net envelopes oidy a part of the

otter-trawl, and although it is the most important part, into which the

great majority of fishes, unless the smallest, are probably guided, there

can be no doubt that large numbers of small fish escape from the

otter-trawl before they reach the cod-end, i.e., through the still larger

meshes of the back and sides. Thus the smaller fishes—the earlier

generations—are not duly represented. For scientific purposes, such as I

have referred to, it would be desirable to employ a special otter-trawl of

somewhat smaller dimensions than the large ones used on steam trawlers,

made of hemp with smaller meshes, and entirely enveloped in a fine-

meshed net, a canvas chafer being used below it and the cod-end buoyed.

Experience has shown that the fine net is less liable to injury when
placed outside the hemp-net than when within it, in which case con-

stant friction takes place between them. With a net of this kind the

due representation of the smaller series would be much more complete.

In this connection I may refer to a net which has been much used by
Dr. Petersen in Denmark and elsewhere on the Continent, and which is

fully described in one of the reports of the Danish Biological Station.*

It is an otter drag-seine, consisting of a seine used in eel-fishing with otters

attached to the wings to spread it. The net has given good results in Dr.

Petersen's hands, but it seems to me from the figures and description not

only to have no advantages over the otter-trawl net, but to have a con-

siderable disadvantage from the presence of the two long wings attached

to the mouth of the bag, which must disturb fish on the bottom before the

net is over them. The disadvantage in regard to flat-fish is not so great

as with respect to round fishes, because when disturbed they do not, as a

rule, rise high above the bottom, but I think that with this net a large

*Eighth Report, Copenhagen, 1899.
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proportion of round fish when disturbed will rise clear above the wings

and escape the mouth of the bag which follows.

For bottom-fishing, then, the best apparatus appears to be an otter-trawl

of the kind above described, and a modification of it seems to be also

the best for pelagic fishing. The bottom-net itself—the otter-trawl

—

when used for pelagic work has one disadvantage that, owing to the retro-

cession of the belly of the net and the traction wlien moving through the

water, the lower part of the net will be far behind the upper part attached

to the headline, and as a fish disturbed at the surface darts downwards,
many will escape capture in this way. An ideal pelagic otter-trawl would
be one with two pairs of boards, one at each corner, and the mouth of the

net in a vertical plane or even sloping backwards and upwards ; but the

practical men who make and work the otters are of opinion that four

boards would be very diflicult to manipulate. Instead of this, one which
is now being made, having a (vertical) mouth of 110 feet in circum-

ference, will have the two boards placed at the upper part of the net with

a headline of about 25 feet and a detachable bar of similar length affixed

to the lower part instead of a ground-rope, the sides of the net being about
five fathoms deep.

Other methods of fishing, such as drift-nets or floating lines, while useful

for certain purposes, cannot replace the bag-net method, because they are

selective in regard to the sizes, and to some extent the kinds, of fishes

they take.

The Treatment of the Fishes.

In dealing with the fishes caught, experience has shown the necessity

of using a method of measurement as minute and accurate as possible, and
as rapid as is consistent with accuracy. Measurements to fractions of an
inch, or to centimetres only, are unsatisfactory, more particularly in all

except the earlier series. The most important object is to determine as

precisely as possible the limits of the various series or generations—the

points of division between the groups—and this in many cases is suffi-

ciently difficult from natural causes, referred to below, without the addition

of difficulties from inexact measurement. In order to do this it is often

necessary to adopt a 2-millimetre or 3- millimetre grouping. The fish are

therefore measured to millimetres, and although with large or medium-
sized fishes the measurements are no doubt in many cases not exact to the

particular millimetre taken, the constant endeavour to reach this standard

obviously makes the general accuracy greater than if a larger unit were
adopted as the standard.

The method in practice is as follows. A brass measure, one-and-a-

quarter inches in breadth, a metre long and divided into millimetres, half-

centimetres, and centimetres, the latter being boldly figured, is screwed
flush into a groove on the top of a table specially constructed for the

work (fig. 2). This table is made of hard wood, is solid and heavy,

with outwardly-curving legs, in order to give it greater stability on deck

;

it is sixteen inches broad, forty-six inches long, and twenty-six inches

high. One end, as shown in the figure, is enclosed by boards to form a

receptacle in which the fishes are placed (it might well be larger). Against
the end of the millimetre measure, which is fiush with the opposite edge
of the table is placed a " nose-piece," so called because the snout of the

fish being measured is placed against it. The table also contains a con-

venient drawer for instruments, &c., and a sliding rod to which is attached

an acetylene lamp that can be fixed at any angle to illuminate any part

of the scale at night according to the size of the fishes being dealt with it.

The fishes which have been poured on the table at one end are rapidly
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passeil by an assistant one by one to the luwer part of the scale, the

length measured by the recorder, who sits opposite, and the fish then

slid off the table into a basket on deck.

The measurements used to be recorded first in a note-book and then

transferred to forms, but now much time is saved by using the forms

Fig. -Table for Measuring the Fishes.

themselves, fitted on a frame, as shown in the figure, each measurement

being recorded opposite ths proper printed figure by a pencil dot. The

most convenient form measures thirteen inches by ten ; it has ten vertical

rows of figures, up to 499 mm., and these are divided into 'O cm. groups

by horizontal lines (for convenience in computation). Each millimetre

figure has four spaces opposite to it, each of which is adapted to contain

ten dots. For larger fishes other forms are used.

The measurements in all cases (except rays) represent the extreme

length of the fish from the snout to the end of the caudal fin.

In carrying on this work on board trawlers it has been found convenient

to make use of a small portable deck-house, seven feet by eight and five

and a half high, as represented in the adjoining cut, which can be put up

or taken down in a few minutes. It consists of a frame-work of twelve

stout pitch-pine beams, fitted and pinned into eight strong cast-iron

corner sockets, and securely lashed to the ship ; over this is drawn, like a

cap, a canvas covex'ing, and over this again a similar covering of tarpaulin

both of which are securely fixed by rods and wedges to the bottom of the

frame-work, and have a slit in them for doorway. Lined with rugs, and
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furnished with mats and an oil-stove, it is fairly comfortable, and has

been found of great service in cold and stormy weather. It is lit at night

either with acetylene gas led from the ship's apparatus, or by a lamp. It

is strong enough to withstand the wind and a good lashing of spray ; when
seas are shipped the canvas is unrolled, but the pitching of the vessel then

makes work impossible.

Fig. 3,—Portable Deck-house.

In many cases when it was found impracticable on board to measure
the fish from the small-meshed net, they were jilaced in air-tight tanks in

a weak solution of formaline and transferred to the laboratory, where the

measurements were made, These tanks, one of which is shown on the

left of the cut (fig. 3), have been found very convenient for this purpose

and for the preservation of other material.

In dealing with the results graphic diagrams or curves are made of each

series of measurements, the grouping varying according to the sizes of the

fishes. For most round fishes, the larger flat-fishes, skates, and rays, one-

centimetre groups usually suffice ; but even in such cases it is often

necessary, particularly with the older series, to plot them out also in "S-cm.,

or even 2- or 3-mm. groups in order to determine the limits of the series.

In some cases, e.g., gurnard, where the coalescence of successive genera-

tions is marked, one must often group the mm. measurements in a variety

of ways before feeling satisfied as to the point of division. In the case of

the smaller flat-fishes, and smaller fishes generally, -b-cm. groups are much
more satisfactory for the curves.

Having fixed upon the point of division—in the earlier series usually

quite a simple matter—the average size of a series was obtained by the

computation of the measurements comprised within it, which gave the

arithmetical mean. This method, besides being laborious, does not always

give the true mean size of the series unless the fishes of different sizes

are equally represented, and a simpler and better method is to take the

median point between the extreme limits of the series, when these limits

have been well ascertained. Sometimes considerable difficulty was
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encountered in determining the true limits of a series. In many cases a

group may be insufficiently represented by the absence of a due proportion

of either the larger or the smaller fishes. Tlie latter may be owing to

imperfection of the apparatus of capture, as already explained, the smaller

fishes, present on the ground, escaping from the net ; or it may be due to

difference of habitat, as, for example, in the case of the young whiting and

haddock, which are pelagic, and the young plaice, found only in the shallow

water while the larger individuals are in deeper water. In other cases the

imperfect representation may arise from the migration of part of a series,

as with the larger haddocks and whitings in autumn and winter in

Aberdeen Bay, or to their irregular roving movements as with the

cod. In the latter case it may happen that one haul in a particular

locality furnishes one part of a series and a second haul the other part.

Moreover, it often happens that while the division between one series

and another is distinctly indicated in one haul, it may be obscure in

another haul owing to the capture of an undue proportion of the larger

fishes of one series and the smaller fishes of the next older series. This,

curiously, occurred most commonly in the deep water off Aberdeen, the

hauls in the deep water far from land (ofE the Shetlands), being, as a rule,

the most satisfactory. Another example of the coalescence of groups is

found with the plaice when the fishing is carried on within a limited range

of depth (see p. 347).

Besides all these causes, which are temporary or fortuitous, diiJiculties

arise from the natural overlapping or coalescence of groups due to dif-

ferences in the rate of growth among individual members of one and the

same series, and in the average growth of successive series. The utility

of the method depends altogether upon the circumstance that repro-

duction is restricted to a portion of the year, so that the brood of a

particular species are all born within a limited space of time— usually

a few months in spring—which is separated from the preceding repro-

ductive period by a considerable interval. If the average rate of growth
of successive generations were .similar, then, notwithstanding the variation

in growth of the members of one and the same generation, the difllculty

of separating the various series from one another would not be great. But
the average growth in length is slower in successive generations, and this

becomes especially marked after maturity is reached, so that the larger

individuals of a younger series are longer than the smaller individuals of

the next older series, and this coalescence or overlapping of the groups
increases with age. As a rule, however, the young fishes under one year
of age are all, or almost all, smaller than the fishes of the previous gene-

ration, and the interval between the two series is the greater the earlier

the period after the spawning season. The variation in growth among the
individuals of one series depends to a large extent upon the duration of

the spawning season, but it is also influenced by the relation to tempera-
ture, e.r/., plaice and gurnard.

Another circumstance that tends in certain cases to obscure the
division between the series is the different rate of gi-owth of the sexes.

Among round fishes this is not so obvious, because the sexes are
apparently sub-equal in length at all stages. Thus, of 957 cod, of all

sizes, examined, the length of the female to the male at 100 was 9.5;

of 1375 haddocks, the proportional length of the female was 98 ; and of

1318 whitings, the proportional length of the female was 104 to the
male at 1 00. The difference is thus not very great ; but at the .same
time, looking to the difticulty of separating the groups from overlapping,
better results woidd be obtained by treating the sexes separately, and
this might be done at the spawning season without many fishes requiring
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to be opened. Among flat-fishes, howevei', when they have reached

the adult size, it is necessary to deal with the sexes separately,

because the males then begin to grow much less rapidly than the

females. Fortunately the sexes can, as a rule, be distinguished by
simple methods. At about the spawning time the ovary can be, in

most cases, readily detected without the fish requiring to be opened.

At other times its presence may be easily revealed by the use of trans-

mitted light. The method adopted by me was to have the fish passed

seriatim in front of the acetylene lamp in the daikened deck-house
;

those obviously females or males were placed in separate baskets, and
doubtful specimens were set aside and opened. With some species, e.g.,

lemon soles, the sexes cannot be determined in this way.

Comparative Growth of Flat- Fishes and Round Fishes.

One of the points brought out in the course of the investigation is

the great difference in the rate of growth of the flat-fishes and the

round fishes, the latter increasing in size with much greater rapidity

than the former from the earliest stages onwards. The haddock and the

plaice, and the whiting and the common dab, may be taken as examples,

since the spawning periods of these pairs coincide fairly well. At the

end of the first summer and autumn, when the first year's growth
is nearly completed, say early in November, the average length of the

haddock at Aberdeen is about 172 or 173 mm., or 6|| inches; some of the

year's fish may be as small as 4| inches, and others as large as about

85 inches. On the other hand, at the same date the young plaice

average about 65 mm., or a little over 2^ inches. Some may be as

small as about \\^ inches, and others as large as about 3| inches.

These measurements show a marked difference, but they do not exhibit

the contrast in growth so well as when the mass or weight is compared.

The normal weight of the average-sized haddock stated is a little under

1^ ounces (about 40*5 grammes), •while the weight of the average-sized

plaice after the first summer's growth is only about -y» of an ounce, or

2'5 grammes. The young haddock thus increases its weight on the

average sixteen times faster than the young plaice. Moreover, some of

the young plaice weigh only 0*8 gramme, and the heaviest is about 8

grammes, or a little over a quarter of an ounce ; while the smallest

haddock weighs about half-an-ounce, and the largest nearly 2| ounces

(76 grammes).
These particulars are derived from the weighing of a large nimiber of

specimens of all sizes, and the construction of curves.*

After the second summer's growth, when the fish are nineteen or

twenty months old, the average size of the haddock is about 276 mm., or

10|- inches, while some may be as small as about 8| inches or as large

as 12f inches. At the same period plaice of corresponding age average

about 145 mm., or 5| inches, some being about 4 inches and others as

large as about 6|. Here again the contrast in Aveight is striking. After

* The weights of different specimens of the same length vary considerably, especially

the large ones. The abscissa in the diagrams represent length, and the ordinates weight,

and the smoothed curve enables the average weight of a fish whose length is known to be
readily ascertained. The curves vary for difl'erent species ; among the fiat-fishes dealt

with, for example, the heaviest in proportion to length is the plaice, then the common
dab, and, at a considerable distance, the long rough dab ; the witch is still lighter.

Among the round fishes the heaviest in proportion to length is the cod, then the haddock,
and then the whiting ; the plaice is heavier than the cod, whose curve corresponds

rather to the conmion dab. The curves do not everywhere agree with the rule that in

similarly-shaped bodies the masses vary as the cubes of the dimensions ; the proportions

appear to change somewhat with growth. The number of haddocks included in the

part of the curve above dealt with was 258, and the number of plaice '272.



of the Fishery Board for Scotlavd. 335

the end of tlie second summer the average weight of the haddock is

about 6| ounces (188 grammes), while the average weight of the plaice

of coiTesponding age is only a little over one ounce (30'5 grannnes).

The smallest haddocks weigh about 3| ounces, and the largest about 10

J

ounces ; the smallest plaice weigh a little over a quarter of an ounce

(9*5 grammes), and the largest about 1| ounces (50 grammes).

After the third summer's growth the average length of the haddock
is about 360 mm., or Hj inches, and its weight about 14| ounces (415

gi-annnes), while the plaice of corresponding age has a length of about

217nnn., or8| inches, and weighs scarcely 3| ounces (97 grammes).
The smallest liaddocks weigh about 10| ounces, and the smallest plaice

scarcely 1| ounces.

The difference between the whiting and the common dab is not so

pronounced, but is still very considerable. The average length of the

whiting at the end of the first summer is about 125 mm., or 4J-|^ inches,

and its weiglit 14 grammes, or half-an-ounce. The average length of

the common dab is about 60 mm., or 2~ inches, and its weight is 1-7

grammes, not j^ of an ounce. Some of the young whitings measui-e

2| inches and others as much as 6| inches, and the variation in weight
may be from -^ of an ounce (3 grammes) to lyL ounce (31 grammes).
The variations in the dabs may range from 28 mm. (1^ inches) and 0'2

grammes, to about S^ inches and 5 4 grammes, or scarcely a fifth of

an ounce.

After the second summer's growth the average length of the whiting
is about 81 inches, and its weight about 2| ounces, or 77 grammes. At
the same date the dab of corresponding age measures about 5^ inches,

and weiglis under three-quarters of an ounce (19 grammes). The range
in the whitings may be from about 7 to 11 inches, and from under 1^
ounces to about 6 ounces (168 grammes). The range among the dabs
of corresponding age luns from about 3| to 6^ inches, and from a
quarter of an ounce to nearly 1| ounces.

These observations in regard to the compar-ative rate of growth of the

plaice and haddook, and the common dab and whiting, hold also in regard
to other sjjecies. The slow growth of the flat-fishes is especially marked
in the first year, and is no doubt then in part directly accounted for by
the transformation which they undergo ; and it is throughout life

clearly correlated with their change in structure and conformation.
Compared with what it is in the round fishes, the whole of the digestive

system of the flat-fishes is small relatively to the mass of the body, and
the amount of nutriment available for growth is correspondingly less.

They have been described as flattened cod-fishes, and it would be equally
applicable to say they were dwarfed cod-fishes.

The Influexoe of Temperature upon Growth.

Tlie growth of fishes is closely related to the temperature of the water
in which they live, the maximum increment taking place when the
water is warm and the minimum when it is cold ; and the greatest
yariatioiis occur where the range of temperature is greatest. The
influence of the temperature of the water on growth is no doubt twofold,
directly aflecting it by accelerating or retarding metabolism, and
indirectly by increasing or diminishing the abundance of the lower
organisms wliich form a large part of the food of fishes. The direct
eflect is probably much the more impoi^tant of the two. The informa-
tion available as to the temperature of the bottom water in tlie deeper
parts of the North Sea tluougliout tlie year is imperfect ; Init it is

evident from the scattered observations which have been made bv
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various expeditions and fi^om a consideration of Dr. Hugli Robert Mill's

investigations in the Clyde sea area, and Dr. Hjort's in the deep water
on the Norwegian coast, that the range is much less, and the maximum
and minimum retai'ded, in comparison with the shallower water near
the shore ; but it is not clear what relation the mean temperature for

the year in one region bears to that in the other. The most favourable

conditions for growth, so far as concerns temperature, are to be found
in the shallower inshore waters in summer, and in the deeper water
offshore in winter, and it is probable that this in part explains the

movements of fishes at these seasons— as, for example, the whitings in

Aberdeen Bay, referred to later.

The greatest range in the temperature takes place in the shallow

water on the beaches, where it may fall 'm 32*^ F. or below it in winter,

and rise to about 70° F. in summer, and since the young plaice inhabit

this region it is of interest to note the relation that exists between the

changes in the temperature of the water and the rate of growth of the

fish. On page 343 will be found a diagram showing the rate of growth
of the plaice in the Solway in relation to the temperature of inshore

water in the different months of the year, fi'om which it aj^pears that

the greatest growth takes place at the time the gi-eatest rise occurs in

the temperature, viz. in May and June. After the temperature
I'eaches its maximum, growth begins to be retarded ; although the

temperature in September and October is higher than it is in May,
growth is much less rapid ; while in winter, growth is quite arrested.

Other examples may be found in connection with the whiting and
haddock. In the Firth of Forth, for instance, where the range between
the summer maximum and the winter minimiun is considerable, the

growth of the whiting in summer is rapid, while in winter it is greatly

retarded (PL XXI.). Off Aberdeen, where the seasonal range in tempera-

ture is not so great, the curve of growth is correspondingly flatter,

v/hile in the deep water ofi' the Shetlands, where the range is still less,

the rate of growth is much more uniform throughout the year

(PI. XX.-XXI.). Further illustrations of the close connection between
the temperature of the water and the rapidity of growth of fishes will

be found in the following pages.

It is evident, however, that temperature alone does not explain the

difference in the rate of growth of one and the same species in different

localities. The plaice, for example, grows quicker on the east coast of

Scotland than it does on the west, and the same is true of the common
dab, and yet the temperature in the foi'mer i-egion is not so high. In
this respect the long rough dab furnishes a marked example. In the

Clyde its growth is slower than in the deej) water off the Shetlands, and
much slower than off Aberdeen or in the Firth of Foi'th. There is

obviously some other cause, or causes, which bring about the differences

in rate of growth i-eferred to, apai-t from temper'ature, or salinity, as the

above instances show, for the salinity of the water is lower in the Firth

of Forth than it is off the Shetlands. The observations made by Mr.
J. T. Cunningham some years ago on the variation in the size of plaice,

especially at maturity, from different parts of the North Sea are of

interest in this connection, * He found that those taken off the Dutch
coast were smaller than those from the English coast, or north of the
Frisian Islands, and resembled rather those obtained on the south coast

of England ; and he says, " It would appear that the Channel condi-

tions extend northwards along the Dutch coast, while the size of the

mature plaice, which is characteristic of more northern grounds, extends

*Journ. Mar. Biol. Assoc. IV, 104. '
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southwards to some distance along the English coast." It is noteworthy

that the parts of the North Sea in whicli the larger varieties of plaice

are obtained, whether on the western or the eastern side, are included

within the limits of the North Sea current, as shown by my observa-

tions, * while the parts where the smaller varieties are obtained are

included in the water which goes northwards from the English Channel,

as shown by Garstang.t The plaice on the west coast of Scotland as

at Plymoutli, belong to the smaller kind.

THE PLAICE {Pleuronectes jdatessa, L.).

The rate of growth of the plaice has been investigated by several

naturalists. Mr. J. T. Cunningham in 1891 made a comparison
between the sizes of a number of plaice from 3"5 to 31 "5 centimetres,

and caught at various times between June 1889 and September 1891,

and he provisionally deduced their age. The total number of

specimens was, however, small—only seventy-four—and relying on
certain experiments in rearing flounders in tanks, which iu some cases

showed a very rapid growth, this naturalist overestimated the rapidity

of the growth of the plaice under natural conditions. He was of

opinion that this species could not reach a size of twelve inches

(30'5 cm.) in less than two years, and that it did not begin to breed

initil it was two years old, and over eight inches in length, on the south

coast of England, where the species is relatively smaller than in the

North Sea.}

Some years later Mr. Cunningham carried on investigations on plaice

from vaiious parts of the North Sea, chiefly with reference to the

average size when first mature, and expressed a similar view, stating

that specimens averaging about thirteen inches in December were
scarcely two years old, and that those taken of!" the German and
Danish coast in spiing and summer, and langing from seven to ten

inches in length, were one year old.§

In 1893 I published a paper on the migrations and rate of growth of

certain fishes, the data being derived from experiments in marking
fish, which were measured and returned to the sea, and were re-

measured when captured,
i

The increase in size was, as a rule, very

small, owing to the irritation caused by the attachment of the label to

the fish ; but in some cases a considerable increase was found to have
taken place. In view of the fact that one plaice, notwith.standing the
irritation of the label, increased in length from lOf inches to I3:j

inches during the 353 days it was living in the sea—an increase of

nearly three inches—and that some others increased by over two
inches in periods somewhat longer, although a scar had been caused by
the ligature, I concluded that " a plaice of ten or eleven inches in

length, living in the sea under natural conditions, grows at least three
or four inches longer in the course of a year."

In the same year Dr. C. G. J. Petersen published a paper dealing
with the plaice, among other things with its growth, and he came to

the conclusion that this fish generally required three years to become
ripe, but might do so in its second year ; that the size at which it first

became ripe was subject to considerable individual variation, and that

*Fiftfenth Annval Report, Part ilL, 334 (1897).

t ./own. Mar. lilol. Assoc.

X Journal Marine Biol. As-^oc, ii., 99, 1891.

§ Ibid., iv., 136, 1896.

II
Eleventh Ann. Rep. Fishery Boardfor Scotland, Part iii., \k 192 (1893).

X
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the approximate average size at that period differed in different seas.*

Ten inches was assigned as the average size at maturity in the Baltic.

Petersen had earlier published another paper in which he briefly dealt

with the subject, and which is of interest inasmuch as in this paper he
first made use of the method employed in the present investigation,

by the assortment of the fish into groups.

t

In 1898 Mr. H. Dannevig made an investigation at Dunbar on
the rate of growth of this species, the fish being obtained at three

localities, or depths, up to five fathoms. The number of specimens of

the first, and occasionally of the second series, was considerable, and
the conclusion reached was that the average growth of the plaice during

the first year was about 77 mm., during the second year 79 mm., and
during the third year about 76'4 mm. He concluded that the average

growth is a little greater in the second than in the third year ; that

the average length of plaice was 77*2 mm. when one year old, 156'7 mm.
when two, and 233 mm. when three years old, and that the plaice was
ordinarily not mature till its fourth year J
The investigations referi-ed to were made on collections in which the

.sexes were not separately distinguished, but this circumstance does not

materially affect the results until the fish are about three years of age,

since the males and females in this species grow with almost equal

rapidity during adolescence. After that period, however, it is

necessary to distinguish the sexes, since the males grow much more
slowly than the females.

I shall now endeavour to trace the growth of the plaice as

indicated by the observations made by myself. The investigations were
for the most part carried on on board trawlei'S fishing in Abeixleen Bay
and the Moray Firth, a small-meshed net being placed around the

cod-end of the otter trawl, as previously described, and considerable

numbers of fish were sometimes measured. These observations

were supplemented by others with a shrimp trawl in the Solway
Firth used in shallow water from a few feet at high tide to five

fathoms, while collections of the very smallest plaice were made by
means of a push-net on the beaches. The collections of these small

fish were considerable and consecutive, and it will be desirable to

begin with them first, and to trace the growth of the plaice during its

first year, from the time the eggs are spawned.
On the East Coast of Scotland the spawning period extends, as a

rule, from the end of January until the beginning of May, the

maximum, according to the propoi-tion of spawning fishes, being in

March. This agrees with the limits of the spawning of the plaice in

confinement in the ponds at Dunbar and the Bay of Nigg, the first

fertilised eggs being collected from the water towards tlie middle or

end of Janviary or the beginning of February, most being obtained in

March and the last in the beginning of May. But variation may take

place to some extent, influenced apparently chiefly by changes in

temperature. The floating eggs of the plaice, moreover (which are

easily identified), were obtained in the Firth of Forth and neighbour-

hood from early in February until the end of May—in one year one
was got in the tow-net on 4th June—and they were found in Loch
Fyne from the end of February until the beginning of June, most
being obtained in April and towards the end of March.

§

* Report of the Danish Biological Station to the Home Department, iv., pp. 6, 22, 33

(1893).

+ Beretning til Indenrigsviinisferielfra den d^insh Biologtsl:e Station. Copenhagen, 1892.

X Seventeenth Ann. Rep. Fishery Board for "Scot/and, Part iii., p. 232 (1898).

§ Masterman, Fifteenth Ann. Rep. Fisher,/ Board for Scotland, Part iii., p. 229 (1897);

Williainson, -iln'd., Seventeenth, iii., 97 (1899).
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On tlie East Coast of Scotland the period of normal maximmu
spawning may be placed about the middle of March. At this time

tlie mean tempei-ature of the surface water is a little over 40° F., and

the bottom water is almost the same, but a very little colder, in

depths of twenty to thii'ty fathoms, where the fishes spawn. In

April the mean temperature of the surface water is about 43° F.,

while the bottom water is about 1"5° colder in the depth stated,

approximating to the surface temperature in shallow water.* The
egg,i\ of the plaice take about eighteen days to hatch at a temperature

of about 42^8, and twelve days at a temperature of 50° F.,t so that

the period when the young plaice normally issue in greatest numbers
fiom the egg may be placed at about the beginning of the second

week in April.

The larval plaice on hatching is about 7 mm. in length, and it is

established that duiing the period of transformation its growth in

length is very slow. Holt found specimens in the transformation

stage measuring 10 to 13 mm. ; Petersen states that the average size at

the end of the post-larval period is 10 to 11 mm. ; Ehrenbaum
describes specimens 13 to 17 mm. long, in which the left eye was not

over the edge, and the smallest plaice he found on the bottom
measiired 13 mm. In the push-net collections referred to, specimens

of 12, 13, and 14 mm. were taken in June and July. In rearing

experiments Dannevig found that young plaice in which the left eye

had passed over to the right side measured about 13'7 mm., and that

when somewhat younger and measuring about 12-4 mm., and while the

eye was still on the edge, they remained permanently on the bottom ; and
he states that the time taken from hatching (May-June) to the com-
plete transformation varied from 37 to 48 days. Dr. Kyle, who has
made a careful comparative study of the differential characters of

port-larval flat-fishes, comes to the conclusion that in the plaice trans-

formation is completed when the fish are between thii-teen and sixteen

millimetres in length.

J

From the various data it will be seen that the young plaice starts

life on the beach when about 12 or 13 mm. (g inch), and that the
greater number settle there about the middle of May. Others arrive

earlier and later, derived respectively from eggs spawned towards the
beginning or the close of the spawning season; but it would be
wrong to assume—as is sometimes done in explanation of the con-

siderable range of sizes found in fish of the same series—that the
duration of the spawning season and of the period of transformation
and settlement on the bottom is of equal extent. Eggs spawned at the
beginning of February must pass their development, and the larvfe

their pelagic life, in water of about 40° F., while those spawned at
the beginning of May pass the same stages in water 6"" or 8° higher,
and from the data given above it is probable that, while the spawning
.season lasts for about four months, the period of transformation and
settlement lasts only about three months—namely, from the beginning
of April to the end of June or early part of Jvdy, the bulk of the
young plaice, as stated, settling about the middle of May.
From the time of hatching until the end of post-larval life growth

in length is slow compared with what it is after transformation is

* Fulton, rhid., 218; compare Dickson, Qnarl. Joiirn. Rnii. Meteorolimrol Sor., xxv.,
No. 112 (1899).

./ . .

t Dannevig, ihid., Thirteenth, 149.

^ X Holt, Scientifie Trans. Roy. Dvblln Soc, iv., v. (1891, 1893) ; Petersen, op. cit., 126
;

Ehrenbaum, Eier und Larmi ron Fixclien der Dent^clien Burht (1896) ; Dannevig, Fifteenth
Ann. Rep. Fisherij Boardfor Scot/and, 175 ; Kyle, Sixteenth ihid., 225 (1898).
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completed and life on the bottom is begun, and this is due not merely

to the difference in temperature at the two periods, but to the fact

that the metamorphosis involves growth in breadth. In the five or

six weeks after hatching the plaice increases in length by only

about five or six mm. But after they have begun their life on the

bottom their growth is very rapid.

The first collections of the brood of the year from the bottom were
made in June, both with the push-net in Loch Fyne and the shrimp
net in the Solway ; no haul was made in May. The smallest plaice

found in April with the pusli-net on the beach measured 54 mm., and
with the shrimp net 45 mm. ; and they belonged to the brood of the

preceding year. At the end of June specimens were taken with the

push-net measuring from 12 to 58 mm. ; in the first week of July the

same range was observed, while towards the end of the month the

range was from 18 to 72 mm. ; at the very end of August the smallest

taken was 34 mm., and the largest 87 mm. ; and in November specimens

of 33, 34, and 41 mm. were procured.

The shrimp-net collections, as stated, were made in the Solway
Firth, in water from a few feet to five fathoms in depth, in 1889 and
1890. The plaice caught always belonged to two series, and sometimes
odd specimens of a third series were present. The first series of

youngest fish was usually well represented ; the second series, however,

as an examination of the curves shows, was usually imperfectly

represented owing to the comparative absence of the larger individvials,

which live in deeper water than the smaller fishes.

The particulars of the various hauls are given in the following

Table :—
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The first series is, as a rule, quite sharply separated from the

second series, especially in summer (PI. XIVa.), the coalescence or over-

lapping exhibited by older groups being absent.

The averages shown in the above Table caiuiot, however, be

regarded as accurate, especially in the months immediately following

the spawning season, because great numbers of the young plaice are

then too small to be captured with the net, and the average indicates

not the mean size of the series at the time, but the mean size of those

taken by the net, i.e. of the larger individuals. It will be observed

that, with the exception of June, the minimum size of those taken in

all the months ranges from only 39 to 45 mm. We know, however,

that much smaller plaice inhabit the beaches than these. Dr. Kyle,

in the paper previously referred to,* shows that post-larval plaice may be

taken in considerable numbers in June and even in July, August, and
Se[)tember ; in the latter months, however, they must be relatively few.

In the push-net collections above referred to plaice from 12 mm. were
obtained at the end of June and beginning of July, while at the end

of the month the minimum size was 18 mm. ; at the end of August the

smallest was 34 mm., but since specimens this size and 33 mm. were
taken in November, the minimum size is probably less at this time.

In order to reduce the computed avei-ages to a better standard, I have

taken the ascertained maximum size of the series as one limit, and
have assumed as the minimum sizes in the various months the

following, viz.:— June, 14mm.; 30th July, 18mm.; 30th August,

25 mm. ; 28th September, 30 nun. ; October, November, and December,
32 mm. ; March 35 mm. ; and April, 40 mm.
The series of the year, derived fi'om eggs spawned in spring, was first

collected in June, no haul being made in May in the shallow water.

On the 29th June the range of the 180 specimens was from 29 to 57 mm.,
the apparent average size being 40"6mm., or 1^ inches. An examina-
tion of the curve, however (PL XIVa.), shows, as stated, that the smaller

fishes must have escaped in numbers from the net, and that the mean
size at this period is about 35 or 36 mm., and the range from 12 or 14 to

57 mm. A month later, on 30th July, the mean size was 54"0 mm.,
showing an apparent growth of 13*4 mm. in the month; on 30th August,
when the curve indicated that the series was more nearly uniformly
represented, the average size was 58"3 mm., a total increase of 17*7 mm.
in the two months. From this period until the end of November
growth in these small plaice was practically in abeyance. The averages
for this series in the various hauls in the previous year—1899—were
somewhat lower, and are not so uniform, but the series was pretty uni-

formly represented in each haul, as shown by the curves. It will be
observed that plaice as small as 43 and 45 mm. were actually taken
in the shrimp net in March and April, when they must be very
nearly a year old.

These averages may be examined more closely. The size of the
plaice newly settled on the bottom, about the middle of- May, was, we
have seen, about 12 or 13 mm., and the average size on 29th June
was (as corrected) 35 or 36 mm. The young plaice have thus increased
in length in the interval of forty or forty-'five days by about 22 mm.,
that is to say by very nearly threefold. This appears to be the period
of relatively most rapid growth during its life, and it coincides with
the period, as we shall immediately see, when the rise of temperature
of the shallow water on the beaches is greatest. At the end of July,
thirty-five days later, the average increase amounted to 13-4 mm., the

* SixleeiUli Ann. Rejyort FUhery Board for Scotland, iii., p. 239.
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mean size being then 54 mm. During August growth is slower, the

apparent increase in length in the 31 days to the end of that month
being only4'3mm. In September the diminution in growth is more
marked, the apparent increase in the 29 days amounting to only 2'2 mm.
In the next thirty-three days to the end of October ^.he increment was
only 0"1 mm. The averages for the preceding year from 1st August
to 28tli December show the same diminution of growth in autumn,
although not with quite the same regularity, the average size of the
young plaice being somewhat less in that year, probably owing to a

lower temperature in the summer, or a later spawning. But if the two
series of hauls in August, Se])tember, and October 1899 be combined,
and the mean taken for the average and the period, the apparent
increments of growth are as follows:—In the 44 days from 7th Augu.st

to 19th September 2'5 mm., in the 30 days from 19th September to

18th October 1*8 mm., and in the 40 days to 27th November 0'8 mm.
At the end of December, it will be observed, the average size was
1*2 mm. less than in November, and that at the middle of March it

was less than in December by 0'8 mm., and than in November by
2 mm.

These facts, I think, prove that the growth of this series of young
plaice, living on the beaches, is quite arrested in winter. It is possible,

indeed, that the fish actually diminish in length as the averages in-

dicate, for in certain experiments I made some years ago by keeping
plaice from thii^teen to eighteen inches long in tanks, in which the tem-

perature of the water followed that of the air, it was found they

usually diminished .somewhat in length and always in weight in winter,

from October until March.* Moreover, the period indicated—fi-om

November to February is characterised by the most rapid /cell in the

temperature of shallow water.

The close relation of the temperature of the water to the growth of

the young plaice is well bi'ought out by detailed comparison, and this

connection, it is interesting to observe, extends to the spawning period

as well. It so happens that the period in which the greatest number
of plaice eggs are spawned coincides with the time when the temperature

of the sea at some distance from the land, where the spawning takes

place has just begun to rise. This in indicated in the accompanying
diagram (fig. 4), which also shows the relation between the mean
temperature of the shallow water in the various succeeding months,

and the average growth of the young plaice. The temperature of the

bottom water, in which the spawning plaice live, I'eaches its lowest

point in the year about the beginning of the second week in March,
after which it begins to rise. Very soon after this the spawning
attains its maximum, so that the development of the great bulk of the

embryonic fishes within the egg takes place in a slowly rising temperature,

and the transformation of the post-larval stages in a temperature some-

what higher, and rising more rapidly. When the settlement of the

swarms of small transformed plaice on the bottom is at its maximum
the temperature is rising most rapidly, and the greatest increase in

growth coincides with the greatest increase in temperature. It is note-

worthy that growth is less rapid when the temperature is more uniform,

althovigh higher, in July, August, and September; that it slackens

most when the temperature begins to fall, which is usually towards the

middle or end of August, and becomes arrested at the period when the

fall is greatest.

The temperatures I have been dealing with are the mean temperatures

* Eleventh Ann, Report Fisheri/ Boardfw Scotland, Part iii., table, p. 193 (1892).
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for the month,* but there is considerable variation in different years,

especially in the temperature in shallow water, and during each month,
according to Avhether there is prolonged frost or low air temperature in

January, February, and March, or prolonged high or low air tempera-
tures in summer. The minimum temperature on the beach, while
usually occurring in the early part of February, may not occur until

the end of February, or even the middle of March, and a corresponding
variation takes place with the maximum towards the end of July or
beginning of August.

These facts throw light not merely on the normal growth of the
young plaice, but on the variation in gi'owth in different years, since

the habitat selected by this species at this stage of its life, viz. the
margin of the sea, is the one most exposed to variation in temperature
caused by change in the temperature of the air.t They, moreover,
explain the retardation or acceleration of the spawning season in different

years. After a hard winter the temperature of the water in twenty or
thirty fathoms is lower than after a mild winter, and spawning is later or
earlier accordingly. This may, perhaps, be partly due to the slower or

cpiicker development of the reproductive elements under the direct

influence of temperature, but that it is also due to voluntary inhibition

of spawning is shown by what takes place in the tanks at the hatchery.
When plaice actually spawning are transferred from the sea to the tanks
the spawning process is 'inhibited for days or weeks from fright, and the
fish may viltimately become egg-bound and die with the ovaries

enormously distended; and when the temperature \\\ the tanks falls

suddenly from the onset of frost or snow, spawning which has begun
with quite healthy fishes may be quite arrested until the temperature
begins to rise, as occurred last year.J

* They are as follows :—
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Thus the spawning period is normally related to the period most
advantageous for the settlement of the young metamorphosed plaice on
the beaches, both varying together according to the temperature. In
this respect the reproduction of the plaice is comparable to other cases,

as, for example, the nesting of birds. The seasonal temperatures also,

it may be said, are related to the selection of the spawning ground, the

position of which is not, as some imagine, a matter of indiflerence; so

that the plaice, although its progeny settle on the margin of the sea,

spawns in spring (in cold water) some distance from the shore, while

the flounder, whose young have a similar habitat, may spawn quite close

to the shore in summer (when the water is warm), and its eggs hatch

in a few days. In both cases the loss of eggs by stranding on the beach
is reduced to a minimum, while the advantageous habitat is obtained.

The average growth of the plaice in the Solway Firth, then, in its

first summer—from the time development begins about the middle of

March to the arrest of growth about the end of October—may be said

to be, on the average, about 60 millimetres, or 2^ inches. The large.st

individuals may measure 25 mm. more, or a little over 3j inches, while

specimens as small as 33 mm., or ly^ of inch, may be procured as late

as November. The series is then not absolutely, but almost quite,

separated from the series of the preceding year.

In the spring of the next year, as we have seen, the young plaice

are about the same length, and the average size of one of these

plaice one year old, computing from the beginning of embryonic
life, or the beginning of larval life, is about what is above stated. With
the rising temperature of April growth recommences, so that at the
end of the month the average length is 6 or 7 mm. greater. In May
growth is no doubt accelei-ated, and in June especially growth is I'apid,

so that at the end of that month the average size is about 90 mm., or

3| inches, showing an increase of 30 mm.
These plaice are in their second year, but the collections made

of this second series are not complete, and I think I may say, from an
examination of their Tables, that the same remark applies to the collec-

tions made by others. The particulars are given in the following Table :

—

[Table.
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it might be called a smaller race. The same is true of the common
dab.

The presence of the first series of small plaice on the beaches in

summer, and scarcely ever present in my hauls made on board travelers,

was also shown by the use of the push-net in a foot or two of water at

low tide. The collections in this case were made for the most part in

Loch Fyne, but it is unnecessary to detail here the averages, since they

varied considerably, and were usually too low for the particular

season, owing, as the curves show, to the proportion of the smaller fishes

being unduly large. At the end of December a fairly good curve

included sixty-three small plaice from 4(5 to 87 mm., the average size

being 64-9 mm. The next series was represented by a few from 94 to

116 mm., and a third series by three, measuring 176, 194, and 202 mm.
I now turn to the investigations on the East Coast made on board

trawlers. In them, as already mentioned, the first series was entirely

absent, and the second series only occasionally represented, and then

almost always by only a few specimens. This was due to the circum-

stances that the plaice of different series have a special distribution and

thai; the fishing was conducted within a certain range of depth.

The successive groups or generations of plaice exhibit a more or less

perfect rotation or succession from the margin of the beach out into

moderately deep water, so that a given generation or series, speaking

broadly, inhabits a particular zone or range of depth—with a certain

amount of overlapping. This relationship to depth, or segregation of

series, 'is, however, more or less disturbed in stormy weather, by

seasonal (temperature) change, and in the case of the adults by the

migratory movements associated with spawning. In winter I have

observed that plaice that normally inhabit several fathoms may be

found, notwithstanding the diminished temperature, sometimes iri-egu-

larly in shallow water, and are even caught in the push-net on the

bench ; this wandering may be due to storms or to the search for food

at a season when food is scarce.

The steam trawlers cannot work very close to the shore, and hence,

the normal distribution of the series being such as I have deso'ibed, the

smaller fishes were rarely taken. Another impei-fection may be

alluded to—viz., that in the hauls of the trawlers the older series,

inhabiting usually deeper water, were also, as a rule, imperfectly

represented. The trawlers worked for profit, and only incidentally for

scientific purposes, and they fished in the places and depths at which the

best catches of plaice for the market could be obtained, i.e. most medium-
sized fish. It thus happens that in most of my hauls only one or two
series or gcn3rations of plaice were well represented, those, namely, living

within the depths at which the net was worked, and it was often a

matter of much difficulty to ascertain the true features of the measure-

ments. In one case, for example, a series might contain an undue
proportion of large fish belonging to it, and the average size of the

group would consequently be high, while the same series, at a later date,

might contain a large proportion of small individuals and the average

size would be lower, showing an apparent diminution instead of increase

of growth. Difficulties of this kind were common, but when the limits

of the groups were ascertained with some certainty, comparison of the

medium ordinates of each gave a clue to the real growth.
The hauls were made in Aberdeen Bay and the Moray Firth, and in

several cases, from the circumstances referred to, the measurements of the

plaice did not give satisfactory results. The sexes, moreover, were not
at first separately distinguished. The particulars of various of these

hauls are given in the appended Tables, and some of the features

may be here described.
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On 31st October and 1st November 1900, two hauls in Aberdeen Bay,

in from eight to fifteen fathoms, yielded 432 plaice, the smallest of which
was 165 mm., or Qk inches, and the largest 593 mm., or about 22| inches.

The sexes were not separately measured. The curve shows they form

five or six annual groups, the first and last of wh^ch were not well

represented ; while the younger series inhabiting the beaches and
shallows were of course absent. The first group of forty-six ranged from
165 to 247 mm., and had an average of 226*5 mm. (8|-f inches). This

is greater than the true mean size owing to the paucity of the smaller

and medium members of this series; it ought to lie between 20 and 21 cm.

The second group Avas composed of 302 plaice, forming thus the bulk of

the catch, the smallest measuring 250 mm. (9i inches) and the largest

369 mm. (14^ inches), while the mean size was 309'7 mm., or 12^^ inches.

The third group comprised 71 plaice from 370 mm. to 438 mm., the

average size being 397'4 mm., or 1 5
]-i inches. The curve shows that

this average is too low (the maximum oi'dinate being at 38 cm.), i.e. the

larger fishes were not present in due abundance. A fourth group

contained eleven fishes from 447 to 495 mm., with a mean size of 471-2

mm., or 18| inches. There were other two, one measuring 555 mm.
and the other 593 mm., each of which probably represented an older

group.

On 30th May 1901, in 8 to 15 fathoms of water, 214 plaice were

obtained belonging to five groups, unequally represented, the measure-

ments furnishing somewhat irregular curves.

The first series contained three females and two males, the former

measuring from 127 to 194 mm., with an average of 166"3 mm., the

latter 182 and 198 mm., with an average of 190 mm. The second group

comprised 31 females, from 212 to 299 mm., with a mean size of 260*4

nmi. (10:f inches), and 34 males, from 201 to 300 mm., with an average

size of 263*3 mm., the mean size of the group being 261 "4 mm. The
third sei'ies contained seventy-two females from 304 to 408 mm., with

a mean size of 351*8 mm. (13|- inches), and fifty-two males ranging from

304 to 376 mm., the average being 341*3 mm. (13y''3- inches). A fourth

series was represented by two females, 454 and 472 nmi., with an

average of 463, and fourteen males from 379 to 409 nun., with a mean
size of 390*4 mm. (15| inches). There were other four females

measuring from 521 to 584 mm., and averaging 552*0 mm., or 20|
inches.

On 6th and 7th June the plaice in several hauls with the ordinary

otter trawl in eight to twenty fathoms were measured. A first series,

not well represented, comprised twenty-eight fish ranging from 123 to

196 mm., and having an average size of 176*2 mm. The second series

contained 247 females, ranging from 203 to 307 mm., the average size

being 262*1 mm., or 10^ inches, and 276 males from 201 to 302 mm., with

a mean size of 252*5 mm., or 9]-^ inches. The average size of this group,

according to the curve for the sexes mixed, was 256*1 mm., or 10-j'^

inches. The next series contained 469 females from 308 to 413 mm., with

a mean size of 357*9 mm., or 14l inches, and 333 males from 303 to 385

mm., with an average length of 346*6 mm., or 13|^ inches. The mean
size of the plaice included in the curve with the sexes mixed (850 fishes)

was 355*3 mm., or 14 inches. There was a fourth series of 84 females,

ranging Irom 414 to 491 mm., and having an average length of 445*4

mm., or 17| inches, and forty-three males measm*ing from 386 to 455

mm., the average being 400*9 mm., or 15]~ inches. The mean size of

the eighty-seven mixed fishes included in this curve was 441*1 mm., or

17f inches.

On 13th June a haul in nine to twelve and a half fathoms yielded 161
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plaice, of which six, measuring from 173 to 207 mm., had an average size

of 193'3 mm. The second series was composed of 46 fishes from 229 to

301 mm., with an average size of 273-2 mm., or 10| inches. The third

series of 103 plaice ranged from 303 to 407 mm., and had an average

size of 352-6 mm., or 13^ inches. There were six larger fishes, from 423

to 461 mm., which had an average .size of 439-8 mm., or 17j^''',y inches.

On 31gt July a haul in llj to 12|t fathoms yielded representatives of

three series. The first comprised three females, ranging from 250 to

299 mm., with a mean size of 275-7 mm., and ten males, from 262 mm.
to 298 mm., with an avei-age size of 284-8 mm., the mean size of the

group of thirteen being 282-7 mm., or 111 inches. The next series

contained 12 females measuring from 322 to 416 mm., the average size

being 367-2 mm., or 14^ inches, and twenty-two males from 306 to

394 mm., and with an average size of 344-2 mm. (13y^ inches), the mean
size of the group being 352-4 mm., or Vijr inches. There was also one

female measuring 450 mm.
A haul on 4th September, in ten fathoms, yielded two series, the

first comprising twelve fishes, measuring from 255 to 317 mm., and
with an average size of 2922 mm., or 11| inches, and the second con-

taining twenty-eight, ranging from 327 to 411 mm., with an average

of 359-4 mm., or 14 f^ inches.

On 18th October several series were represented, although very

unequally, in a haul in sixteen fathoms. The first series comprised

one male of 88 and one female of 84 mm. The second series was
made up of thirty-three males, measuring from 156 to 247 mm., and
having an average size of 199-3 mm., or 7g inches, and 24 females

between 165 and 242 mm., with a mean length of 201-1 mm., the

average size of the group being 200 mm. The third series comprised
thirty-three males, with an average size of 316-9 mm., and a range
from 268 to 359 mm., and forty females from 267 to 356 mm., and a

mean length of 3202 mm., the average size of the group being
318-7 mm. The other series were too imperfect to deal with.

Very good hauls were got on 6th November, a considerable number
of the smaller plaice being taken, and as the males and females were
separately measuied, good curves were obtained (PI. XIV.). The
smaller fish were taken in the fine-meshed net around the cod-end of

the otter trawl, which was dragged for thirty-five minutes in about
six or seven fathoms ; the larger plaice were pi'ocured in a drag of the

otter-trawl in from seven to thirteen fathoms at the same place, the

haul lasting four hours and twenty minutes. With tie exception of six,

all the plaice belonging to the first and second series were taken in the

small net, and as that haul lasted only J^ of the time occupied in the

other haul, the number of fish representing the second series ought to

be multiplied accordingly in order to give due proportion to the

curves.

The number of plaice taken in the two hauls was 1898. The first

series was represented by one fish at 84 mm. The second series

comprised 184 plaice, of which seventy-six were feinales ranging
from 92 to 162 mm , with an average size of 118-9 mm., or 4|^ inches;

and 108 males, from 91 to 160 mm., of an average size of 1179 mm.,
or 4|^ inches.

The third series was made up of 288 females, from 164 to 262 mm.,
with an average size of 218-7 mm., or 8| inches, and 331 males ranging
from 166 to 257 mm., and having a niean size of 214-5 mm., or 8y'^

inches. The average size of the group as determined by the curve for

the .sexes combined, comprising 619 fishes, was 216-5 mm. or, 8|
inches.
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The fourth series contained 336 females and 310 males, the former
ranging from 263 to 361 mm., with a mean size of 316*2 mm,, or 12^\^^

inches, and the latter from 259 to 357 mm., with a mean size of

314"9 mm., or 12| inches. The average for the curve-group of mixed
sexes (640 fishes) was 315*3 mm., or 12| inches.

The fifth series comprised 220 females, from 363 to 442 mm.,
with an average size of 400"3 mm., or 15| inches, and 150 males,

ranging from 358 to 405 mm., and having a mean length of

375'9 mm., or 14j-;| inches. The mean size for the curve-group
comprising 392 fishes of both sexes was 39r6 mm., or ISJ^j- inches.

The sixth series contained forty -six females, from 444 to 479 mm.,
the average size being 459*7 mm., or 18^ inches, and eighteen males,

from 411 to 446 mm., and an average length of 425*0 mm., or 16f
inches. The mean for this part of the curve, comprising 48 fishes,

was 459*4 mm., or 18g inches.

There were thirteen females and one male larger, of which eleven

females, from 490 to 540 mm., and a mean size of 507*4 mm. (19J-|-

inches), and the male, measuring 460 mm., appear to form one group.

The remaining two females were 572 and 587 mm. respectively, with an
average of 579*5 mm., or 22^ inches, and they seem to represent

another older group.

The plaice taken in several hauls in various parts of the Moray
Firth were also measured, but in several cases the curves based upon
them were so irregular that that they had to be discarded, and the

sexes were usually not determined.

In a haul in the Dornoch Firth on 11th October 1900, in from
eight to twelve fathoms, the measurements of 334 plaice were
grouped as follows :

—

The youngest series, comprising eighty fishes, ranged from 1 43 to

196 mm., and had an average size of 170*6 mm. The second series,

of 165 fishes, varied from 200 to 278 mm., with an average length of

240*1 mm. The third, comprising thirty-six fishes, had a mean size of

314*2 mm., and a range from 287 to 350 mm. The fourth, containing

forty-one fishes from 360 to 420 mm., had a mean length of

383*4 mm. There were twelve larger plaice, of which seven varied

from 433 to 494 mm., and had an average size of 458*4 mm. The
other five, measuring 544, 578, 578, 660, and 679 mm., belonged

probably to three groups.

On 5th and 7th November the plaice got in a haul in the same
locality were measured. The first series was composed of seven plaice

from 76 to 88 mm., and with an average size of 82*7 mm. The second

series, comprising 126 plaice from 132 to 201 mm., had an average

size of 171*4 mm., or 6f inches. The third series included 266,

measuring from 204 to 282 mm., and with a mean size of 2491 mm.,
or 9i|^ inches. The fourth series, containing 211 plaice from 283
to 349 mm., had an average size of 313*9 mm., or 12|^ inches; a

fifth series, comprising 121 fishes from 350 to 403 mm., had an
average of 373*5 mm., or 14^1 inches.

Another series of thirty-six, from 405 to 452 mm., appeared to form
a group with an average of 421*6 mm. There were other thirteen

plaice, measuring from 470 to 675 mm., difficult to group, but

obviously forming several series. Their measurements were 470, 472,

and 493 mm. ; 527 and 529 mm. ; 560 and 562 mm. ; 587, 600, and
609 mm, ; 632 and 633 mm., and 675 mm. If considered series as

grouped—and it will be observed they often occur in pairs—there

would be other six series with averages of 478*3, 528, 561, 598*7,

632*5, and 675 mm.
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On 11th November 1901, a haul, also in Dornoch Firth in 8-10

fathoms, yielded 240 plaice which grouped themselves as follows :—

A

first series comprised fifteen females and eighteen males ; the former

ranged from 165 to 203 mm., and liad an average of 182-9 mm., while

the males, from 138 to 195 mm., had a mean size of 176"8 mm., the

average for the group being 179*6 mm., or 7jj- inches.

The second series was made up of sixty-two females, from 209 to

290 mm., with an average size of 254*1 mm., and eighty-one males

from 209 to 292 mm., and having an average of 246-4 mm. The

mean length of the group with the sexes combined was 249-8 mm., or

9i inches.

The third series comprised twenty-two females from 294 to 369 mm.,

with an average of 323-6 mm., and seventeen males from 297 to

364 mm., and with a mean size of 324-7 mm., the average for the

group being 324-1 mm., or 12J-jl inches.

A fourth group contained four females with an average of 407 mm.,

and twelve males with an average of 385-2 mm., the mean for the

group being 3909 mm., or 153 inches. Other eight females from 443

to 495 mm, appeared to form the fifth series with an average size of

469-6 mm., or 18| inches. Another female measured 662 mm.
Another haul with the ordinary otter trawl in the same place on

the same day yielded a number of plaice of which ^365 females were

measured, the^ measurements grouping themselves into five series

corresponding very well to those first described, the respective

averages being 186-2, 249-1, 321-2, 390-4, and 460-2 mm.
A haul off Lossiemouth on 3rd November 1900 yielded a number of

plaice among which four groups, comprising 450 fish, seemed fairly

well defined. The first had an average size of 188-3 mm., and a range

from 152 to 223 mm.; the second an average of 275-7 mm., and a

range of 228 to 310 mm. ; the third an average of 358-2 mm., and a

range of 313 to 401 mm. ; the fourth ranged from 402 to 464 mm.,
with an avemge of 422-4 mm. There were also a number of large

plaice, all, or almost all, females, not easy to allocate.

In considering the measurements above detailed it will be found that

the apparent mean annual increment of growth from one series to

another varies considerably, due, as indicated, to the true average not

being I'epresented owing to the imperfection of the groups. The differ-

ences between the average or mean size deduced for each successive

annual series, or the apparent increment of growth in a year from one

series to the other, are shown as follows for Aberdeen Bay, the series

being numbered according to their probable age.
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Excluding the figures for 6th November and 18th October, the

increments show a fair uniformity, and indicate an apparent increase

from the second to the third annual series of 84'8mm., or 3| inches,

from the third to the fourth of 83'2mm., and from the fourth to the

fifth year of 82'3mm. It would, however, be erroneous to assume that

these amounts represent quite accurately the real increase in length of

the plaice in a year, because first, as stated, an examination of the

curves shows that the groups are unequally represented, and second,

the haul of 6th November, comprising 1898 fishes, the sexes of which

were distinguished and carefully measured separately, gives by far the

most regular curves (PI. XIV).
The unequal representation of the various groups in the other hauls

is well shown by the curves. As a rule, only one group was present in

approximately due proportion, the groups of younger fishes being

represented principally by the larger individuals of the group, while the

larger individuals of the older groups were for the most part absent.

The consequence of this is that the maximum ordinate of the curves of

the smaller group and of the larger group does not stand over the centre

of the base of the group (whose limits have been previously determined),

but is approximated to the maximum ordinate of the central group,

which is duly represented by both small and large individuals; and of

course the arithmetical average derived by computation from the

measurements det'iates in like manner. The distance between the

maximum ordinate of the perfect group and the ordinate standing over

the middle of the base of the imperfect groups measures nine or ten

centimetres, as in the case of 6th November.

This unequal representation of the groups is, as stated, brought

about by the depth of water in which the hauls happened to be made,

and it will be seen from the depths given in the Table above that the

haul in which the shallowest water was entered was that of 6th

November. In most of the hauls, as a rule, only one group was well

represented, and it was usually the fourth; but in the hauls on 6th or

7th June the third group was also present in nearly due proportion, and

in this case the apparent annual increment approximates closely to that

indicated in the haul of 6th November. The haul of 18th October,

which gives anomalous increments, comprised only 142 fishes, from

sixteen fathoms, and the curve is very irregular.

It appears, therefore, that the yearly increment of growth of the

plaice in Aberdeen Bay is most accurately shown in the haul of 6th

November for the various groups, and for Groups III., IV., and V.

the measurements may be taken as indicating pretty nearly the real

growth in a year from one to the other. But a careful examination of

the curves makes it evident that the first group (II.) and the later

groups are not properly represented. The fish, as already stated, were

obtained in two hauls, one with the fine-meshed net, chiefly in six

and seven fathoms, and one with the ordinary otter-trawl in sweeps from

eight to thirteen fathoms, the first haul lasting for thirty-five minutes, and

the second for four hours and twenty minutes. Series II., except six fish,

were entirely the product of the first haul, while the remaining series

were entirely the product of the second haul. On the time basis the fish

in the first haul should be multiplied by a little over seven, and this would

to some degree extend the range of the group (and the base of the curve),

but it ought not materially to alter the maximum ordinate or arith-

metical mean. It will be observed from the one-centimetre curve

that the interval between the base of the columns representing

the second and third series is considerable. This would to some extent

be improved by the multiplication of the first series as described, but
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it would still exist. The measui'ements of the fish in the hollow, from

120 to 190 mm., have been plotted out in 5-mm. and 2-mm. groups, with

and without the multiplication by seven of the first series, and the fact

is brought out that the plaice between 137 and 175 mm. are imperfectly

represented in the hauls, and are no doubt those which were on the

bottom between seven and nine fathoms, an interval in which the trawl-

net was but little used in either haul.

The first question to decide is whether these fish, so scantily present,

belong to an intermediate series, or to the larger or smaller series, or

partly to one and partly to the other. The evidence is against the view

that there is a missing series, because the space is too small for its

intercalation, and if a curve to represent an imaginary group is inserted,

the overlapping would be far greater than between the succeeding older

series, where overlapping is always greatest. Moreover, we have seen

that the small plaice of the Solway grow about 60 mm. in their first

year, and if a group were inserted, and only the same minimum rate of

growth assumed for the succeeding series as for the first, wo should have

the averages for the groups as 60, 120, 180, and 240 mm., which, as the

curve shows, cannot be true.

The plaice of intermediate size appear to belong to both series, but

far more to the second than to the third. Some do, however, appear

to belong to the third series, as the slopes of the curve suggest^ but their

pi'esence would not tend to distvirb the maximum ordinate and arith-

metical average of that series to any great extent— not more, probably,

than a few millimetres. A study of the evidence makes it almost

certain that the missing fish belong mostly to Series II., because, as this

series stands, it shows an increase of only 58 mm. for the second year's

growth, whereas it is certain the second year's increase in length is

greater. If the fish were present in due proportion the maximum
ordinate and arithmetical average would be shifted nearer to Series

III., and from a study of the curves in this and other cases it is pro-

bable they should lie about 13 or 13'5 centimetres, and the apparent

yearly increment of growth would be correspondingly increased to about
70 or 75 mm. from the first series to the second, and reduced from the

second to the third to 80 or 85 mm.
There is probably a first series, about six or seven months old, ranging

in size from under 40 to 85 or 90 mm., and with a mean size of about
65 mm. (or 2^ inches); a second series ranging from about 90 mm. to

160 or 165 mm., and with a mean size of about 137 mm. (5| to 5|
inches), and the third series, referred to below, with a mean size of about
215 mm., or 85 inches.*

The later groups of older fishes are also imperfect, as may be seen from
the position of the peaks, or maximum ordinates, in the figure and this

also is mainly due to the depth of water in which the hauls were made,
the larger fishes being further out from shore.

*A haul with the shrimp-uct in Alierdeoii Bay. in from 4 to 10 fathoms, on 9th May
1902, furnished 126 iilaico, of whicli the first series comprised 98, ranging from hi to
126 mm., the arithmetical average hciug 92-2 mm. (3| inches), and the median ordinate
on Lasu-line 92-5. These fish wore nearly 14 months old. The second series was
imperfect ; it comprised 28 from 140 to 227 mm., the arithmetical average being 190-8,
and the median ordinate 185 nmi. (~\ inc^hes).

I
Tablk
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A similar comparison may be made between the average size of the

females and males of each group, and the particulars are shown in the

following Table:

—

I. toll.

1901.

30th May .

6th, 7th June

31st July .

18th October i

6th November

II. to III.

?

94-1

99- 96-

III. to IV.

2

91-4

95'8

91 -.5

119-1

97-5

IV. to V.

79-0 |[lll-2]

V. to VI. VI. to VII.

6
: 2

49-1

94-1

59-4

117-6

100-4

87-5 f.4-3

[56-3] [51 -2] [84 -3] -

84-1 61-0 59-4 49-1

VIII. to X.

47-9 [35-0] (72-1)

The observations made above apply also here, and the figures most
nearly representing the yearly increase in the females and the males

are those of 6th November, but the yearly increment of growth from
Series II. to Series III. in the haul must be reduced a few millimetres,

as stated above. It will be noticed that the increments of growth,

particularly in the males, diminish in each generation after the fourth

group, that is to say, about the time sexvial maturity is reached. I'he

curve (PI. XIV.) shows that, with the plaice, the males grow as rapidly,

or almost as rapidly, as the females until this period is reached, and that

thereafter they lag very mu.ch behind the females. The increment of

72-1 mm. in the last column, it should be said, is based upon only two
females, and no doubt represents rather the growth between the eighth

and the tenth generations.

The differences between the averages of the groups in the Moray
Firth hauls, showing the apparent annual increments of growth, are

as follows :

—

Date.
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! 1 I.

toTf.
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The increase during the third year appears to be a little greater,

and amounts to between 80 and 85 mm. ; and the average size when
three years old is probably about 23 cm. {^-y^ inches), allowing for a

slight increase from November to March. During the next year the

increment is about the same, so that a plaice when four years of age

(in March) probably measures about 32 or 32-5 cm. (12| inches). In
connection with this and the later groups it is, however, necessary to

distinguish the males from the females, because the rate of growth now
begins to be markedly different.

It appears fairly certain that in the plaice the males and females are

approximately eqvial in numbers and in size, the disparity in the average

number and average size of the sexes in the species as a whole, such as

has been shown to exist,* being due to the slower growth and earlier

death of the males. The proportion of females to males, taking all sizes, is

about 142 to 100, and the ratio of length about 114 to 100, the mean
length of 1355 males examined being 13'74 inches, and of 1932 females

15 "62 inches. During the present investigation I endeavoured whenever
possible to separate the sexes and record the results apart. In the

smallest plaice, i.e. of the first summer, it nearly always requires

microscopic examination to distinguish the sexes, although sometimes
the minute pouch which the ovary forms may be detected through the

translucent flesh.t In going through a number of specimens, however,
it happened that some cases occurred in which I failed to determine the

sex, being sometimes unable to find the reproductive oi'gan ; and hence
in most of these collections the sexes were not completely separated. In
two cases they were, and they are included in the following table, which
brings together the numbers and measurements in some other cases.
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size up to a certain period is also clear, as the above averages show,

but it would seem the females begin to grow slightly quicker than the

males after the third summer. In the fourth summer the same

divergence is observed, the average size of the females exceeding the

average size of the males, and in the fifth year the disparity is marked

{vide PI. XIV.), and it doubtless goes on in increasing ratio in the

following generation. The disparity in size is therefore due to inequality

of growth after a certain period. The largest male I examined in the

course of the investigation measured 483 mm., or 19 inches, and the

largest female 743 mm., or 29^ inches. In the paper above leferred to

the largest male recorded measured 559 mm., or 22 inches ; but males

over 40 cm. are very scarce.

The divergence in growth is no doubt associated with the attainment

of sexual maturity in the male at a smaller size than in the female.

"With regard to the subsequent series or older generations, it is

difficult to define their limits or state their average size, but female plaice

which have lived thi'ough five summers have a mean size of between

fifteen and sixteen inches. Since growth subsequently is slower, and

since they may attain a size of thirty inches, it is obvious that there

may be many older generations, and that a plaice of the great size

mentioned may have i-eached a considerable age.*

I have collected the measurements of all large plaice from 470 mm.,
which were measured in the Dornoch Firth and off Lossiemouth, on

3rd and 5th November 1900, and grouped in 'S-cm. groups they are as

follows :

—

These have been plotted out, as well as in 3-mm. grouping, and they
seem to show a division into nine series (PI. XI Va.), divided as follows .

—

493 mm., 530 mm., 558 mm., 589 mm., 619 mm., 650 mm., 687 mm.,
714 mm., and 743 mm. The measurements cannot be exact in such
large specimens, and this grouping would make the largest about
sixteen years old, the averages being separated by intervals of about 35

to 40 mm. Many of these large specimens, I may say, were thin, a

condition which I have also observed in extremely large haddocks
which frequent the inshore waters.

The size at which male and female plaice first become reproductive

has been investigated by several naturalists, and it is evident that it

* So far as I am aware, tlie largest plaice recorded was one caught on "^Oth May 190'2'

on the inshore fishing grounds, and landed at Grim.sby, It measured 38^ inches, and
weighed 28^ \h^.—Flsh Trades Gazette, 24th May 1902.
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varies considerably, not only for ditterent seas but for difterent parts

of the same sea— e.g., the North Sea.*

The sizes and ranges given, even for regions nearly similar, do not

always agree, and it seems to me from a re -examination of the evidence

that the subject deserves further investigation on a larger scale than
hitherto. Holt, who investigated this point by the examination of a

large number of plaice landed at Grimsby, came to the conclusion that

seventeen inches represented the average size at which female fish

became mature in the North Sea,t but many were found matvire at

fifteen inches, and one at thirteen inches. It is not clear whether all

the fish came from the same part of the North Sea. Holt found a male
ripe when it was only six inches in length, an occurrence which he says

is probably altogether exceptional, fifteen inches appearing to be nearer

the usual size at which the male becomes mature, but he says he did not

pay very much attention to that sex during the spawning season. Cunn-
ingham found that at Plymouth the female may spawn at about ten or

even nine inches in length, and from the investigations made at

Grimsby he found that the size at maturity varied very much according

to the region from which the fish had been taken. Among plaice taken
in the neighbourhood of the Brown Ridges, for example, males were
found mature at sizes from nine to fourteen inches, and females f]"om

eleven to sixteen inches, and some caught ofl: the Hook of Holland had
a similar range of sizes. Among plaice taken about 15 miles north of

the island of Nordeney the limits were considerably higher, from
eleven to seventeen inches for the males, and while one female was
mature at eleven inches, 92 were immature between ten and fourteen

inches, one mature at eighteen and two at twenty inches. Among plaice

from the Leman Shoals, which is somewhat north of the Brown Ridges,

the limits were found to be mvich higher than at the latter place,

mature females ranging from thirteen to eighteen inches, corresponding

with the observations of Mr. Holt. Among others caught forty to

forty-five miles E.S.E. of Lowestoft, males were mature from eleven lo

sixteen inches, and females from twelve to eighteen inclies. In all

these cases the higher limit of the immature specimens in the same
collections, was usually about three inches or four inches above the lowei'

limit of the mature specimens.

Kyle's inquiry places the average of first-maturity of the plaice in the

southern part of the North Sea between thirteen and fourteen inches for

the female and between ten and eleven inches for the male ; and for the

northern part of the North Sea at about fifteen inches for the female

and eleven or twelve inches for tlie male. Thirteen inches was fixed by

me as the lower limit of mature males, and about fifteen inches as the

lower limit for mature females.

It will be seen from the curve of measurements of the plaice taken in

Aberdeen Bay on 6th November (PI. XIV.) that the males of Group IV.,

which apparently range in size fi'om ten inches to fourteen inches, with

an average size of 1 2|- inches, and are about three years and six months
old, are mature. It might be held that many of these males may have
spawned in the previous spring when three years old, but in the group
as it is in November the curtailment of growth is not at all marked,

and this is not likely to occur until the reproductive elements have
matured. On the assumjDtion that the growth in summer amounts on

* Holt, Pruc. lloif. JJnh. S(X\, ./oiirii. Mar. Jiiol. Asi<vr. ; Fulton, Eiijkth Ann. Re[i.

Fishery Boaid for Scotland, iii., p. 163, Tenth, ibid., 240; Cunningham, Jonrn. Mar.
Biol. Assoc, iv., 16, 100 ; Kyle, Seventeenth Ann. Report Flsheri/ Boardfor Seof., iii., 190;
Petersen, /or. cit.

t Ihkh, ii.,374.
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the average to about 2| inches, the apparent range of size in the

previous spawning season would be from 7^ toll| inches. I say the

apparent range, because the real range must be considerably greater,

owing to the overlapping of the groups, and it probably extends from

about 24 to 36 cm. or more. But it seems to me most likely that this

group forms the main bulk of the milters in the next spawning season,

when they would probably range from about eleven to fifteen inches

and be four years old. This view receives suppoi-t from a comparison of

the average sizes of the males and females of the group, which do not

differ to any considerable extent. It is [)robably after the first spawning

that growth becomes retai'ded, and Gi-oup Y., comprising fish which are

over foul' years of age, undoubtedly represents males which spawned in

the preceding spring, and whose summer's growth has been slight.

Their average size in Novembei', it will be seen, was about an inch less

than the size of the females of corresponding age, and the curve shows

that the maximum number lie intercalated between the females of Groups
IV. and V.

It may, I think, be said with some certainty of the females of Group
IV.—three and a half years old—that none of these spawned in the

preceding spring. Their apparent range in November is much the

same as the males, namely from about ten to fourteen inches, and their

mean size closely corresponds. In the preceding spring they would be

less by over two and a half inches, and in the following spring scarcely

an inch longer

—

i.e., ranging from about eleven to about fifteen inches.

The latter size coincides with the minimum mature size given by Holt
for the female plaice of the North Sea, and I think it probable that the

group of females present in the November haul which would spawn for

the first time in the ensuing spring is Group V. The fish would then

be five years old, with a size varying from about fifteen to eighteen

inches.

In the obsei'\'ations made by various observers it has been noticed

that the mature and immature specimens of either sex, collected at the

same time, overlap to a considerable extent—so that, for example, one
may find a few mature females at thirteen and fourteen inches, while

the great number about these sizes are immature—the proportion of

immature gTadually declining, while the proportion of mature increases.

This circumstance is consistent with the view that such immature and
mature individuals, although of corresponding size, belong to different

.series and differ in age by one year. The coalescence or intercalation

of the groups, as the curves show, is considerable in all except the

younger fishes, and it increases in the older generations. If it were
possible to separate out all the females belonging, for example, to

Group IV., from Group III. and Group V., it would be found that the

variation in size in the group is much greater than the limits of the

gi'oups as defined in my tables. Thus, the number of those w^hich can
be said with absolute certainty to belong to Group IV.

—

i.e., those

beyond the range of overlapping—is compaiatively small, comprising
those around the median ordinate. Females belonging to Group IV.,

for example, might, as the prolongation of the curve will show, range
from about 23 or 24 to 39 or more centimetres (nine to fifteen and a

half inches).

It seems to me probable that maturity is determined in the plaice

of any given region not by size, but by age, that the variation in size

of mature or immature specimens, and their overlapping, is due to

variation in growth, and that the plaice in all regions spawn at the

same age, difference in the average size at first-matui'ity being due to

differences in the rate of growth in the different regions. That such
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diiFerences in the rate of growth exist in different localities I have shown
also to hold in the case of the long rough dab (p. 385); and it is, I

believe, the cause of the variations in the size at first-maturity, which
Cunningham found among plaice collected from ""^arious localities,

sometimes not far apart, in the southern part of the North Sea. It is

a subject worthy of further investigation.

With regard to tlie males, it is indeed possible, as some observations

appear to indicate, that maturity may be in exceptional cases reached

at an earlier age than normal ; but all the facts in connection with

the role of the males among fishes tend to show that its part in

reproduction is less fundamentally associated with the organism than
in the case of the female, and is subject to greater variability. Ripe
males, for example, may be found long before and long after the spawn-
ing season. With the female everything is subordinated to the produc
tion of eggs, and since growth shows such marked seasonal rhythm and
periodicity that reminds one of the phenomena of terrestrial

vegetation, I think it must rarely happen that spawning occurs before

the attainment of a definite age.

According to these investigations the males become mature when
four years old, and the females when five years old.

THE COMMON DAB {Pleuronectes limanda, L.).

The rate of growth of this flat-fish appears to have been but little

investigated. Mr. J. T. Cunningham, from the comparison of a

number of specimens (over three hundred), froia 14th June 1890 to

18th September 1891, came to the conclusion that while five and a

half inches was about the maximum length reached by a dab in one

year, and small specimens measuring 1*8 inches in May represented the

minimum, the great majority at one year old were below the size first

mentioned. He estimated the approximate size of the dab at different

ages as folloAvs :—First year, 2 to 6 inches; second year, 5 to 8 inches;

third year, 7 to 10 inches; and he was of opinion that the dab did not

breed before it was two years old.* Dr. Petersen also showed the

existence of different groups in Danish waters, but without apparently

stating his opinion as to their age.

Mr. H. Ch. Williamson, by the comparison of a number of specimens

(49) caught at different times and dates, came to the conclusion that

four caught in January, ranging in size from 14 to 17*5 mm. were probably

from seven to ten months old; others caught in March, from 20 to 52 mm.,
were at least nine months old, the larger perhaps older ; that six

specimens from 70*5 to 106 mm., caught in Septeniber, were sixteen to

seventeen months old ; and two specimens 146 and 148 mm., taken at

the end of April, were two years old.t

The investigations made by me as to the growth of this fisla were
carried on as with the plaice, partly on board trawlers, and partly with

a shrimp-net and push-net in shallow water. Since the dab is one of

the commonest flat-fish in the areas examined, a considerable number
were measured and the sexes in most cases distinguished. The smallest

series were first secured in July, but before dealing with them it will be

well to consider the spawning season.

The spawning season of the common dab is later than that of the

plaice, and extends on the East Coast from late in February to June,

or even into July, but it occurs mostly in April, May, and June, the

* Journ. Mar. Biol. A.isoe., ii., 101.

t Eleventh Ann. Rep. Fisher<j Board for Scot., Hi., p. 267.



of the Fishenj Board for Scotland. 361

luaximum being probably attained iu the early part of May.* At
this time the temperature of the sea is rising steadily (see p. ), and
the eggs, which are much smaller than those of the plaice, hatch in

May in eight oi' nine days. The larval fish is also relatively small, and
measures about 2*6 millimetres ; it is thus only about a third of the

size of the early hatched plaice.

We have not the same information as to the time taken by the dab
to go through its metamorphosis, as we have concerning the plaice, but

according to Petersen's observations the post-larval dab remains pelagic

until it attains a larger size than the post-larval plaice

—

i.e., it is largei'

when it begins life on the bottom. He states that while in Danish
waters the pelagic stage of the plaice ends when the fish is 10 to 11 nun.,

it does not seem to end in the common dab until a length of from
twelve to thirteen millimetres is reached.t Professor M'lntosh also

points out certain features which support this statement of Petersen's,

and he thinks that the dab, although a smaller fish than the plaice,

takes a longer time, oi- at least attains a greater size, before completing

its metamorphosis.

t

Holt figures a specimen 1225 mm. long which is nearly at the same
stage as a young plaice of 10 mm., and in which the left eye is not yet

over the edge. He figures another 15*25 mm. long in which the

transformation has been almost completed.§ Dr. Kyle, in the paper
previously alluded to (p. 358), states that the limits of complete transfor-

mation are probably between 16 and 18 mm.
The facts above stated suggest that the duration of the pelagic stage

of the dab is longer than in the plaice, since in the interval between
its issue from the egg and its settlement on the bottom after trans-

formation, it gi'ows about 13 or 14 mm. in length, or more than
double the corresponding increment added by the plaice. At the same
time it must be borne in mind that the temperature of the water is

much higher during the period of the pelagic life of the dab, and thus

growth and metamorphosis will be more rapid. Post-larval dabs have
been procured in the tow-nets in April, May, June, July, and August, ||

mostly at the end of May and first part of June. As many as 3000 wei'e

caught in surface tow-nets on 16th and 19 th May fifteen miles off the

coast between Montrose and Aberdeen. It is probable that the
great bulk of dabs begin their life on the bottom about the middle or

end of June.

For comparison with the plaice I here append temperatures for ten-

day periods from the beginning of February to the end of June, derived

from the mean of surface and bottom temperatures at five stations

near and beyond the mouth of the Firth of Forth in depths varying
from eleven to thirty-two fathoms, viz. :

—

41-5, 41, 40-8, 40-5, 40, 40-9, 41-7, 42-5, 43-5, 44-6
| 45-8, 46-8, 477, 48-9, 49-7.

The earliest collections of small dabs obtained by me betv^een one
spawning season and the next were as follows :

—

* Tenth Ann. Rep. Fisher)/ Board/or Scot., iii., '234.

t Op. cit., p. 126.

:J:
British Marine Food Fishes, p. 378.

§ Sci. Trans. Roy. Dub. Soc., v. (Sec. vi.), pi. xiv.

II
Kyle, op. cit.
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lb will be noticed that in some cases the averages at diflferent dates

do not correspond as one would expect. This appears to have been
due sometimes to scanty numbers, or difierence in depth or habitat, but
in most cases it wa« due to insufficient i-epresentation of the series. In
most cases the small-meshed net employed had meshes of about 1 cm. from
knot to knot (fig. La, p. 326), and very small dabs, which are not only
narrow, but soft and pliable, no doubt escaped in considerable numbers.
The smallest specimens caught in this net measured usually forty or

over forty mm., sometimes a little less, whereas the completely trans-

formed dab is estimated above to measure from 16 to 18 mm. Some of

the hauls were made with a net having finer meshes measuring 6 mm.
from knot to knot (fig. Lb), and in these cases the proportion of small

dabs was greater, the smallest measuring 25, 26, 28, 30, 32 mm. The
hauls made with this net were on 15th January 1901, in Aberdeen Bay,
and those in the Firth of Forth, while those collected in the Moray
Firth in December and January, and those caught in the Solway, were
taken with a shrimp-trawl.

It is evident, therefore, that the ranges and averages in the Table do
not in the great majority of cases represent the real ranges and averages,

owing to the fact that a considerable proportion of the smaller fishes

belonging to the series were not caught. The average size is too large

and the range too small. It is thus necessary to consider the evidence
in detail.

The series clearly comprises the brood of the year, which originated

in the preceding spawning season. The first of my collections in which
they occur is that made on 23rd July in the Firth of Forth, when 103
were taken, ranging from 32 mm. (1| inches) to 49 mm. {\\^ inches),

the average size being 40 7 mm., or 1^ inches. They were taken with
the fine net. They formed a compact group, giving a columnar curve,

and the largest was separated from the smallest of the older series by
an interval of 19 mm. The largest at 49 mm. shows the apparent
maximum growth from the beginning of the spawning season at the

end of February, or early part of March, but the smallest at 32 mm.
does not represent the inferior limit, since we know that they may be
got on the bottom at 20 mm. and under. If we place this limit at

18 mm., then the range at this period becomes 31 mm., and the median
ordinate or average size 33*5 mm., or 1^ inches, which would represent

the average amount of growth in length from about the early part of

May. By this reasoning the average, as computed directly from the

haul, is too large by 7*2 mm., which is equivalent to the error introduced

at this period by the imperfection of the net.

Collateral evidence on this point is aSbrded by the growth of the next
older series in this haul from the previous hauls on 9th and 1 3th May,
the latter date approximately representing the maximum of spawning.
The second series in May, consisting of 84 specimens about one year

old, had an average size of 67'5 mm. (2| inches), the smallest being

42 and the largest 98 mm. On 23rd Jiily the range extended from
68 mm. to 127 mm., and the average size was 101mm. (4 inches), or

33'6 mm. greater than in May, the diflFerence representing the amount
of growth in the interval. This, it will be observed, is almost precisely

the same as the mean increase computed for the first series during the

same period, viz., 33'5 mm. It is just possible, however, that the

smallest fish taken, viz. 43 mm., does not represent the real minimum
size in May, although it is 10 mm. larger than the smallest taken with
the same net in July. The reason of the doubt is that the range from
the largest to the smallest is 56 mm., which is rather too low, and while

a larger collection would tend to increase the upper limit slightly, it
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would at this stage increase the lower to a greater extent. In July the

smallest specimens of this, now the second series, increased from 42 to

68 mm., an increment of 26 mm., and the largest from 98 to 127 mm.,
an increment of 29 mm., a slight difference which may show the tendency

of those which have begun to lag in the i-ace to maturity to lag still

further, while those which have taken the lead increase it. But any
such extension of the range will make very little appreciable diff"erence

in the mean size; if the lower limit is fixed at 35 mm., the range becomes
63 mm., and the average size 66'5 mm.
On 19th-22nd August, twenty-eight days later, the first series, or

brood of the year, collected, comprising 188 specimens, varied in length

from 37 to 75 mm., with a mean size of 52"3 mm. (2y^ inches). The
apparent mean increment in the interval thus amounted to 11 '6 mm.,
while the largest specimens had increased in length by 26 mm., or almost
1 mm. daily, and since the smallest taken had increased by 5 mm., it

would indicate that the proportional number of the very small specimens
escaping was less than before. But the occurrence of specimens less

than 20mm. later in the year shows that the settlement of the swarms
of post-larval dabs had not ceased in August, although doubtless greatlj'

reduced in ratio.

Applying the same method, and again placing the lower limit at

18 mm., the amended series would have a range of 57 mm. up to the
maximum caught, viz. 75 mm., and the mean size would become 46*5 mm.,
showing an apparent increment of 13"0mm. in tlie twenty-eight days.

This approximates to the apparent mean size, computed from the catch,

being 5*8 mm. less, which, in like manner, might be taken as equivalent
to the error introduced at this period by the imperfection of the net.

The apparent increment in the interval, computed from the actual

measurements, was 11 "6 mm., while the increment as amended amounts
to 13 mm., or 1*4 mm. more. The apparent growth of the next older

series in the same period (with a range from 84 to 137 mm., and
numbering 1 10 specimens) was only 1"3 mm., which is probably incorrect

and too low.

There are no later hauls in the same locality with the same net to
allow the comparison to be extended further, but it is evident that, as
the fishes grow in size, a point must be reached at which practically

none escape, and that in the interval between the period when the
swarms settle, and this point, the i^atio between the numbers which
escape and the numbers captured, will constantly diminish, and the
error from the net, or the deviation between the apparent and real mean
size will diminish in like proportion. In the above cases the assump-
tion that the lower limit is equal in July and August, after an interval
of twenty-eight days, is no doubt inexact. The lower limit would be
probably more correctly placed at 20 mm., and on that basis the ranges
would be red\;ced to 55 mm., and the mean size would be 47*5 mm., or
4-8 mm. less than the apparent increase derived from the actual
measurements. In May, when the series is a year old, the minimum
size was 42 mm., and the range 56 mm., for 84 fishes, and at this time
probably very few, if any, smaller fishes escaped capture.
The fine-meshed net was also used in one haul in Aberdeen Bay

on 15th January 1902, and the results may be also particularised.
The number of dabs taken was 214, measuring from 28 to 80 mm.,
the range being 52 mm., and the arithmetical mean 47-8 mm., or
Ig inches. This is under the average in the Forth in August, and
there are reasons for believing that in this case the apparent average
size is less and notfgreater than the true mean size.

In this haul scaixely any other fi.sh were taken either in the otter-
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ti'awl or the small meshed net, and not a, single larger dab than the one
measuring 80 mm. was found.* The hauls taken on this and the

following day in Aberdeen Bay were extraordinarily poor, so that the

fishing was abandoned by the trawler as unremunerative. A four-hours'

drag yielded only 23 marketable and 181 uimiarketable (small) fishes,

and in the total of 204 there -were only eight flat fish, six plaice and
two dabs. Another haul for four hours yielded 247 fishes, including

only five flat fishes, viz., four plaice and one brill, no dabs at all being
taken. Haddocks were also extremely scarce, only three being procured
in the two diugs of eight hours, the catches being mostly composed of

small whitings, large cod, and starry rays. The weather had been very
stormy previously, and the fish had probably moved oiit into deeper
water away from the commotion at the bottom near the shore. This
must have been the case with the haddocks, although many fishermen
think the flat fishes bury themselves in the sand. But whatever the
cause, the only dabs caught were those mentioned, and thus the absence
of a dvie proportion of the larger members of the first series might be
explained by the fact that they were able to move ofi' with the older

dabs. Dabs are usually extremly abundant in Aberdeen Bay, and are

frequently taken in thousands.

Moreover, the upper limit of the group—the maxinuim size of

individuals belonging to it—was considerably higher in previous

months, e.g., on 31st October 89 mm., the next largest (or the smallest

member of the older series) being 100 mm; 17th-21st December the

largest was 88 mm., and the smallest of the next series 90 mm.jt 18th

October, 1901, 82 mm., the next largest being 94 mm., and on 29th
November the limits were 92 and 106. Moreover, a study of the "Scm.

curves also indicates the absence of a due proportion of the larger

members of the series, because while the arithmetical average is47*8mm.,
and the maximum ordinate of the curves between 46 and 47, the median
oi^dinate on the base lies over 5"2 cm.

Dr. Kyle % states that a dab measuring. 17 '5 mm. was taken in the

Forth on 19th January, and one on 4th March measuring 20 mm. It

is possible, therefore, if the dates are accurate, that the true lower limit

of the dabs taken in Aberdeen Bay is really lower than 28 mm. I am,
however, inclined to think that those referred to by Dr. Kyle are

exceptional, and that the lower limit is not much less than what is

indicated by the measurements in this case, but may be put at 25 mm.
The higher limit, judging from other hauls, may be placed at 88 mm.,
and on this basis the more correct mean size of the group would be
56*5 mm., showing an increase of 8'7 mm. over the mean size computed
from the actual measurements.

There were some other hauls in which very small dabs were taken.

Thus a haul with the shrimp trawl in 12 fathoms of water, outside the

Suters of Cromarty, on 11th December 1901, yielded seventeen dabs of

this series, ranging from 23 to 66 mm., the average size being 49'5 mm.,
or \\^ inches, and on 10th January, in 6|-7 fathoms, within the

Cromarty Firth, three were taken measuring 41, 42, and 52 mm., and
with an average size of 45*0 mm., or 1| inches. The numbers in these

cases are small.

* The '5 cm. grouping of the small dabs is as follows :
—

2-5 — 3 — .3-.''i — 4 — 4-5 — 5 — 5-5 — 6 — 6-5 — 7 — 7-5 — 8

3 17 28 33 44 30 30 16 6 3 1

f The mm. groups are as follows :—
75 76 77 78 79 SO 81 82 83 84 85 86 87 88 89 90

27 20 17 10 5 6 5 5 3 3 2 2 ] 1-1
± Lov. fit.
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The hauls in the Solway Firth also sometimes yielded moderately
good catches of dabs, and it will be seen that the average size of the
first series, as represented, approximates to that of the January catch

in Aberdeen Bay, but as the Solway dabs are smaller at all sizes, they
will be considered by themselves.

It is unnecessary to go over each of the other cases separately, and I

shall here tabulate the amended ranges and mean size of some of them,
based upon the limits of the group, the upper of which is ascertained

and the lower assigned on the evidence indicated and stated in each
ease. All the hauls, it must be understood, except those mentioned
above, were made not with the finer-meshed net, but with the one-cm.
mesh (fig. I.a). The alteration in the average is therefore more
considerable in these cases than in those already considered, because the
proportion of small fishes added is greater.

1

Place and Date.
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The August results show a further mean increase to 46*5 mm., or

1^ inches, and a range from about 18 mm. to 75 mm. (2J-| inches). This

would leave about 20 or 21 mm. to be added in the remaining eight

months of the year.

In Aberdeen Bay no hauls were made early in May during the height

of the spawning season, and in those at the end of the month only five

of this series were taken and they were relatively large individuals.

The haul in September 1 900 was imperfect, and the average assigned

is probably a little too low. The other averages show in 1 900 a growth
of about 6"5 mm. from the early part of October to the third week in

December; those of 1901 a growth of 9'0 mm. from 10th September to

9th and 29th November, and an additional 1 mm. to 15th January.

Of the second series of dabs, or those from one to two years old, the

earliest collection was that made in the Forth in May above referred to,

when they had an average size of 67'5, or as amended 66*5 mm., the

largest being about 100 mm., or nearly four inches.

On July 23rd the range of 498 dabs was from 68 to 127 mm. (2|^ to

5 inches), and the average size 101 mm., or four inches, showing a

mean increase in the seventy-three days from May of about 33"6 mm.,
or 1^ inches. The curve in this case is symmetrical.

On 19th-22nd August the series comprised 110 specimens ranging

from 84 to 137 mm. (3^ to b^ inches), with a mean size of 102"5 mm.,
or A:^-^ inches, showing an apparent increase of only 1-4 mm. The curve,

however, shows that a due proportion of the larger dabs were absent.

The maximum ordinate is placed at 9 cm., and the median ordinate is at

110'5 mm., and this is approximately the mean size of the group at the

date, the increase in the twenty-eight days being thus 9'4 mm., or 43 mm.

{\W inches) in the 101 days from the early part of May.
The series in Aberdeen Bay in September 1900 comprised 396

females and 307 males, the former ranging from 97 to 173 mm.
(3]-|-6^ inches), and having an average size of 127*0 mm., or 5 inches.

The males ranged from 91 to 172 mm., and their mean size was almost

precisely the same, viz. 127"1 mm.
On 9th-13th October 205 females ranged from 96 to 197 mm., with a

mean size of 131"8 mm., and 186 males, from 101 to 173 mm., had an
average size of 133"! mm. The curves in these cases are good.

These hauls were made with a shrimp-trawl. On 8th October, in a

haul with the fine-meshed net (A, fig. 1) over the otter trawl, 123

females and 114 males were pi-ocured, the average of the former being

120 mm. and the range from 92 to 157 mm., and of the latter 118'3

and the range 98 to 152 mm.
On 13th October 458 females, ranging from 102 to 173 mm. (4 to 6}-f

inches), had an average size of 130*6 mm. {^j^ inches), and 574 males

a range from 102 to 175 mm., and an average size of 126*1 mm., or

4|-|^ inches. The curve in this case is good and symmetrical.

On 31st October a haul in 8-10 fathoms gave 404 females ranging from
100 to 180 mm., with an average size of 137*5 mm., or 5| inches, and 323
males from 102 to 173 mm. with a mean size of 134*3 mm., or 5| inches.

The curve in this instance is also symmetrical.

On 17th-21st December this series was not well represented. It

comprised 183 females from 96 to 184 mm., and an average size of

132*1 mm., or 5| inches, and 173 males from 92 to 180 mm., with a mean
size of 127*4 mm., or 5 inches.

In the hauls in May in Aberdeen Bay the measurements of the dabs
obtained in the otter trawl were imperfect and have been discarded, and
I am therefore unable to give the size when two years old for this area.

On 13th June the series, now over three yeai-s old, was represented in
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one haul by twenty-one females from 136 to 218 mm., with an average

size of 1730 mm., and seven males from 135 to 193 mm., and an average

size of 162 mm. The curve is very irregular and imperfect and the

numbers small. A better curve is given by the second liaul on the same
day, in which 308 dabs whose sexes were not determined, ranging from

131 to 219 mm., had an avei-age size of 167*3 mm., or 6y^^ inches. In this

case the curve is quite symmetrical to 19 cm., and then is irregular, and
the maximum ordinate is at 16 cm. On 5th July the series was well

represented by seventy-nine females from 1 48 to 224 mm , and an average

size of 178"7 mm., or 7 inches, and forty-one males from 143 to 222 mm.,
with an av-erage of 176'9 mm., or 6]-^ inches; the mean size of the group
with sexes combined being 178"1 mm., or 7 inches. On 31st July the

mean size of 109 females was 195"7 mm. (7|^ inches), and the range from
163 to 239 mm.; the mean size of 31 males was 185*3 mm. (7^^ inches),

and the range from 164 to 224 mm., the mean size of the mixed group
being 193'0 mm., or 7i inches.

In the Firth of Forth on 9th- 13th May, twenty-six females ranging

from 109 to 178 mm. had an average size of 148'0 mm,, or 5|| inches,

and 21 males, an average size of 151 "4 mm. (5y|^ inches) and a range
from 111 to 181 mm., the mean size of the group being 149"5 mm., or

5j7 inches. On 23rd July the mean size of the mixed gi-oup, now the

third, was 179"1 mm., or 7iL inches.

It appears from these averages that the mean size of the common dab
in the Firth of Foith when about two years old is nearly 150
mm., or about 5^ inches in length ; it is probably less in Aberdeen Bay.
The next older series is not very fully represented in most of the

hauls. In Abei'deen Bay in September 1900, 278 females had a range
from 176 mm. to 267 mm., with a mean size of 213"4 mm., or 8y^^ inches,

and 52 males, ranging from 175 to 246 mm., had a mean size of

205"9 mm., or 8i inches. On 13th October the mean size of the females

was 21 6*4 mm. (8| inches), and of the males 199 mm. (7Yf inches).

In December the mean size of 49 females was 2503 mm., or 9^ inches,

and of four males 241 "8 mm., or 9| inches. The differences are due
principally to unequal representation of the groups.

Comparison may now be made of the apparent annual increment of

growth from one series to another, and m the following Table are given
the differences between the averages as deduced from the actual

measurements of the different series.

I

Table.
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Place and Date.
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It will be observed both from the averages and the curves that the

growth of the two sexes is at first fairly equal, but that after from about
160-170 mm. (6|-6f inches) the growth of the males becomes greatly

retarded, while the females continue growing almost as rapidly as before.

These differences are associated with the attainment of sexual maturity

at an earlier stage in the male than in the female, as occurs in the plaice

and long rough dab. The male appears to reach maturity a year earlier

than the female, namely when two years old, while the females do not
spawn until their third year.

The dabs of the Solway, like the plaice, grow more slowly than the

dabs on the East Coast. The particulars of a number of collections at

various dates will be found in the Table on page 420, and curves
representing the first and second series in some cases are given on Plate

XV. The measurements indicate that the fii-st series, or brood of the
year, reaches a length of only about 50 mm., or two inches, in the

autumn. In these cases also it is necessary to introduce a correction for

the smaller dabs which have escaped capture, the minimum size of those

taken being usually from 33 to 37 mm., and the maximum size of those
belonging to the group about 60 or 63 mm.

If the same method is adopted as was applied to the series from
Aberdeen Bay, the range and average size of the group at the various

dates in the Sohvay becomes modified as follows :

—

Date.
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size of 78-6 mm., or 3^ inches. On 27th November 1900, 125 ranged

from 68 to 108 mm., and had an average length of about 81 mm., or 3/^
inches. On 30th December, sixty-two, ranging from 67 to 98 mm., had
a mean lengtli of 84*8 mm., or 3| inches.

THE LONG ROUGH DAB {Drepano2Jselia platessoides, Fabr.).

Collections of this species were obtained by the fine-meshed net from
deep water off the Shetlands, from the Moray Firth, the Firths of

Clyde and Forth, and from deep water oflf the coast of Aberdeen.

1. Off the Shetlands.

The hauls in the deep water in the northern part of the North Sea

were made in August, September, and October 1900, and in May and
December 1901.

In two hauls on 31st August and 4th September, in 62 and 65

fathoms, about 65 miles S.E. by E. from Sumburgh Head, 3202

long rough dabs were caught and measured. The sex of those obtained

in the first haul was not determined, but in the second haul the sexes

were distingviished and their measurements separately recorded.

In each case two groups were very clearly represented, the first

being distinctly marked off from the second by a considerable interval.

In the haul of 31st August there were 20 specimens belonging to the

first series, measuring from 28 to 57 millimetres; with a range of

29 mm., and an average size of 48'3 mm., or Ig inches. In the haul

on 4th September 244 fishes of this series were obtained, ranging in

length from 31 to 63 mm., and with an avex-age size almost precisely

the same—viz., 48 "4 mm. These fishes were the brood of the year,

probably about six months old, and their small size after a summer's

growth attests the slow development of this species. Moreover, an
examination of the grouping in which they are arranged in

2 -millimetre groups, or of a curve constructed on that grouping, shows

that the smallest individuals are not adequately represented (consider-

able numbers having no doubt escaped through the meshes of the net),

and that the average size is more probably under 46 mm.
The second series or gi'oup was also very well differentiated in each

haul, separated from the younger group by a blank interval of 25 mm.
and 14 mm. respectively, but overlapping slightly the next older group.

In the collection of 31st August the series (sexes mixed) commences
at 82 mm. and extends to about 122 mm. The average size of the 551

fishes composing the group was found to be 103*2 mm., or 4-^ inches,

the range being 40 mm. between the smallest and the largest. In the

second haul the sexes in this and the following series were distinguished.

Of the 1334 fishes forming the group, 782 were males and 552

were females. The males ranged in length from 77 mm., or very

slightly over three inches, to 119 mm., or 4r| inches, the diflfei-ence

between the largest and smallest being 42 mm., or If inches. The
average size was 102 mm., or 4 inches. The females measured from

82 mm., or about 3^ inches, to 128 mm., or slightly over five inches,

the difference in size between the lai-gest and smallest being 46 mm., or

lif inches. The average size was 105-8 mm., or slightly over 4g
inches. The females were thus somewhat larger than the males

;

they grow faster, as I have already explained. If the measurements of

the males and females are combined the termination of the mixed
group is found to be precisely as in the haul four days earlier—viz.,
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at 122 mm. (tlie 2-mm. grouping t'loiii 117-118 to 129-130 being 11,

15, 8
I

8, 10, 12, 12, 16), and if the females in excess of this are

excluded, and the males between 119 and 122 mm. are added, the

average size of the combined group (of 1326 fishes) is 103*5 nun, or

only 0'3mm. greater. On the assumption that the spawning season in

the region indicated has its maximum about the middle of March, as

happens farther south, the fishes composing the group would have an

average age of about one year and five months.

In each collection there are larger fishes belonging to older genera-

tions, but the demarcation between these groups is in some measure

problematical. With the haul of 31st August the difiiculty is greater,

since the sexes were not distinguished in that case, and thus the

confluence due to simple variation in growth is increased and com-

plicated by the variation in the size of male and female. In the case

of the haul of 4th September the curve of the measurements (PI. XVI.)
shows a group of females beginning about 130 mm., with the maximum
ordinate about 150 mm., and a regular decline to about 165 mm., after

which there is irregularity and a slow fall to 235 mm. The curve of

the measurements of males ascends from 120 mm., reaches its maximum
at about 135 mm., and then declines rapidly to 145 mm., after which

it slowly descends to 170 mm. The termination of the third group

among the females may be placed at 174 mm., in which case the range

extends from 130 to 174 mm., and the average size of the 325 fishes

contained in it is 154"0 mm., or 6y\r inches, showing an increment of

growth from the females of the previous generation of 48'2 mm. If

the limit is placed at the point where the first interruption in the

decline of the curves takes place—viz., 164 mm., the average size of

the 279 fishes in the group is slightly less—viz., 153*2 mm.
Tlie range of the males in this group extends from 121 mm. to

apparently 153 mm., and the average size of the 145 fishes composing it

is 136'9 mm., or 5|^ inches, showing an annual inciement of growth
from the males of the previous generation of 34*9 mm., or Ig inches.

A fourth series of females appears to begin about 175 mm. and to

terminate about 201, the demarcation in this case being more doubtful.

The 85 fishes comprised within it have an average size of 182"9 mm.,
or 7| inches, sliowing an annual increment of growth from the

previous generation of 28"9 mm. The corresponding males are

eighteen in numbei", ranging from 155 to 173 mm., and having an
average size of 156" 1 mm., or Gy^^ inches, and thus indicating an
annual growth from the previous series of 19"2 mm., or ;^ inches.

A fiftli group of females, 23 in number, is placed between 204 ai;;^

238 mm., with an average size of 222'8 mm., or 8| inches, and
showing an apparent animal increment of growth from the previous

generation of 39 9 mm., or 1^^ inches. The increment indicated is

greater than in the previous series, wliich shows that the limits of the

group are probably not accurately defined, or the proportion of the
different sizes not equally represented. One female at 261 mm. probably
belongs to a sixth series.

On IGtli and 19th October two hauls with tlie fine net were made in

the northern part of the North Sea, in 60 to 65 fathoms, about sixteen

miles south-east of Fair Isle, and therefore about fifty or sixty miles

further to the westward than the hauls in August and September.
The number of long rough dabs obtained was 1550. The fir.st series

comprised 180 fi.shes whose sex was not determined. They ranged in

length from 40 to 68 mm., and had an average size of 53'3 mm., or

2^ inches. Tlie second series was very distinctly defined. The
females, numbering 464, varied in length from 79 to 136 mm., and
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their average size was 111 '4 mm., or 4| inches. The males

exceeded the females in number, there being 557 ranging from
81 to 123 mm., and having an average length of 102.5 mm., or 4^^^

inches.

These averages show an increased growth in the 44 days from
September 4th of 4*9 mm. for the first series, or the youngest fishes, of

56 mm. for the females of the next series, and of '5 mm. for the males;

the increase for the males and females of the second generation com-

bined is 2"8 mm. Tliese increments agree pretty well with those in

other cases at the season. It is therefore not probable that the somewhat
different position of the ground where they were taken affected the

result.

The next largest group in the Octobei- hauls was fairly well demarcated.

The females numbered 198, and ranged from 137 to about 175 mm., Avith

an average size of 155 '6 mm., or 61 inches. The males, 125 in number,
ranged from 124 mm. to apparently 158 mm., and had an average size

of 137'6 mm., or 6^-^ inches. It is possible, however, as an examination

of the curve indicates, that the males of this grovip end at 146 mm., and
that the next group commences at 149 mm. In that case the range

would be only 22 mm., and the average size 130'9 mm., or 5^ inches.

Comparison of the corresponding September averages indicates an
apparent increase in the interval of 1 '6 mm. for the females, and 0'7 mm.
for the males, taking the former average as correct.

The remaining larger females, 23 in number, form a fourth group,

with a range from 176 to 203 mm., arid an average size of 184*5 mm.,
or 7^ inches, an apparent increase of 1"6 mm. from 4tli September.

The males above 158 mm. number 3, viz. 166, 168, and 183 mm. If

combined they have an average size of 172-0 mm., or 6^ inches, which

would indicate an increase of 15-9 mm. from the corresponding Septem-

ber series (of 18 fishes). Probably, therefore, the one at 183 mm.
represents a succeeding group.

A haul on 19th May 1901, in 65 fathoms, about 58 miles E. by S.

of Sumburgh Head, and thus about 25 or 30 miles north of the place

where the August and September hauls were made, yielded fewer

specimens, viz. 175, and of these 141 belonged to the first series.

Judging from the experience in some other cases, the small number of

the larger series in this haul may have been due to the temporary con-

gregation of the sexually matvire fish on some other spot in connection

with spawning. The 141 individuals of the first series ranged in size

from 52 to 92 mm., the average .size being 68'4 mm., or 2|-i inches. The
mean size was thus 15-1 mm. larger than in Octobei', the increment

representing the growth in the interval of 214 days during winter and
early spring. These fish were about fourteen months old (PI. XVII.).

The next series, or those a little over two years old, was represented

by only fifteen females and nine males. The former ranged from 98 to

146 mm., and had an average size of 127'9 mm., or 5 inches, showing,

therefore, an apparent growth in the interval named of 16*5 mm. The
number of specimens is small, but the amount probably approximates to

the true growth. The nine males ranged from 113 to 138 mm., and had

an average size of 124'8 inm., or 4i|^ inches, showing an apparent growth

in the 214 days of 22*3 mm., which is evidently above the true growth,

owing to the absence of the smaller males, and the inconsiderable

number. A third group of fish a little over three years of age was
represented by six females and four males. The former ranged from

152 to 198 mm., with an average size of 170*2 mm., or 6J-g- inches, in-

dicating an apparent growth from October of 14"6 mm. The males

ranged from 151 to 179 mm., with an average of 167'0 mm., and



of the FisherII
Board for Scotlanrl. 375

indicated an apparent growth from October of 2S'3 mm. Tiie number
of specimens is too small to make these conclusions reliable.

Another haul was made on 1 1 th December 1901 , 75 miles S.E. of Sum-
burgh Head, in 75 fathoms of water, and 1830 long rough dabs were

obtained. The first group comprised 28 individuals, ranging in length

from 45 to 61 mm., and having an average size of 54*4 mm., or 2^ inches.

These fish were about ninfe months old. The next series, the measure-

ments of which give a very complete curve, comprised 1249 specimens,

614 females and 635 males (PI. XVII.). The females varied in length

from 79 mm. to 134 mm., with a I'ange, therefore, of 55 mm., and an

average size of 104"8 mm., or i^ inches. The males extended from 81

mm. to 118 mm., with a range of 37 mm. and an average size of 98*4

mm., or 3| inches.

When we contrast these measurements with those of the corres-

ponding series in May (which was then the first series, the sexes of

which were not determined) the mean increase amounts to 33 mm., or

1-j^ inches. This represents the apparent growth during the 216

days throughout the summer and autumn for the group with the males

and females combined.

If we compai'e the measurements of December 1901 with those of

October 1900 it will be seen that while the average size of the first

undifferentiated group is greater by 1*1 nun. in December than in

October, the averages for the males and females of the second series for

the combined undiflferentiated group are somewhat less. Thus, while

in October 1900 the females had an average length of lll'4mm., in

December 1901 their average length was 104"8 mm., or 6"6 mm. less.

The males at the former period had an average length of 102*5 mm.,
while at the latter period their average length was 98*4 mm., or 4*1 mm.
less. The range of sizes in the two cases is almost alike—viz., for the

females from 79 to 136 mm. in October, and from 79 to 134 in

December (the next largest being 1 38 mm.), and for the males 81 to

123 mm. in October, and 81 to 118 mm. in December. In the latter

Ciise (males) the range in December is 5 mm. less ; but there are only

thi'ee between 118 and 123 mm., the transference of which from one
group to another would make no appreciable difference in the average.

The curves in both cases are good, the numbers are large, and tlie

2-millimetre grouping shows that the point of division between the
groups is as indicated.

The conclusion, therefore, appears to be that the environmental
conditions for the growth of the long rough dab were more favourable
in the summer or autumn of 1900 than in 1901. Probably the bottom
temperature was lower in the latter yeai".

The limits of the larger series in the December hauls are not very
clearly defined. The females of the third group begin with a size of

138 mm., and an examination of the 2-mm, grouping shows that the
series may end at 173 or at 183 mm. The former is the best, because it

corresponds with the rest of the cm-ve (see PI. XVII.), and the group as

thus defined comprises 207 females, having an average size of 155-7 mm.,
or 6^^ inches, and this is O'l mm. more than the corresponding average
in October, The group of males extends from 121 to either 149 or
157 mm.; if the latter is selected, the average size of the group is

138'7 mm., or 1-1 mm. greater than in October.
The fourth group is still less easily defined. The'_females, numbering

140, appear to extend from 174 to 219 mm., with an average size of

198-6 mm., or 7|| inches; and the males, 21 in number, from 158 to

178 mm., with an average of 166-0 mm., or 6^^ inches. There appears
to be a fifth group of 21 females from 221 to 257 mm., and having an
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average length of 229*2 mm., or 9 inches. The limits and averages of

these larger groups, as already indicated, are uncertain.

II. Off Aberdeen.

A series of hauls were made, from eight to twelve miles off Aberdeen,

where a depression in the bottom exists, the depths varying from about 50

to 70 fathoms. The number of long rough dabs obtained varied very

considerably. The results of their measurement formed a great

contrast to those described above, the curves being usually extremely

irregular or erratic. In some cases a series was represented only by
the larger or by the smaller individuals belonging to it ; in other cases

the greater number appeared to belong partly to one group and partly

to another. After plotting the measurements in "S-centimetre groups,

in 2-millimetre groups, and in 1-centimetre groups, discordant results

were in many cases obtained. There are indications that the differentia-

tion of the sexes was sometimes not exact, particularly in June, July, and
August, but that this does not explain the circumstance referred to is

evident from the curves of thehaul in December (PI. XVII), when the

sexes were carefully separated, all those not clearly females being opened.

The proximity of the shallower water in and near Aberdeen Bay, where
long rough dabs are also found,may perhaps partly explain the diffei'ence

of the results from those obtained far from shore, since the temperature,

and no doubt the feeding, vary within a short space, whereas in the

deep water in the open sea the conditions are more uniform.

The first series of younger fishes was not represented in the hauls in

June and July, but they were found in the haul on 21st August.

Eleven were then captursd ranging in size from 48 to 57 mm., and
having an average length of 53'0 mm., or 2i inches. In September two
were obtained measuring 54 and 58 mm. On 5th November two females,

63 and 67 mm., and four males from 60 to 64 mm., were taken, the

average size being 65'0 mm. for the former and 62'0 mm. for the latter,

and the mean was 63'0. On 28th November the number caught was
eleven, ranging from 61 to 75 mm., and having an average length of

66 "1 mm. On 16th December 116 were caught varying in size from 53

to 80 mm., the average size being 65*5 mm., and in January none were
taken. So far as these observations go they shoAv a growth of 10 mm. in

the period from 21st August to 5th November, and of 2*5 mm. between

5th November and 16th December.
Tlie next sei-ies, as already mentioned, was imperfectly and irregularly

represented in the hauls. On 28th June nineteen females from 78 to

113 mm. were fairly well defined; they had an average length of

97.5 mm., or 3y^^ inches. Eleven males belonged to the same group, from
90 to 117 mm., and with an average size of 103'4 mm. On 28th

November the same series comprised eighteen females from 110 to

142 mm., the average size being 125*6 mm., or 4-|-f
inches, and eleven

males ranging from 107 to 135 mm., and averaging 123"6 mm. The
apparent increase in length in the five months was thus 28" 1 mm. for the

females and 20*2 mm. for the males, while the apparent annual increase

from the preceding series was 58*7 mm. The next series was fairly well

defined in this haul, the females numbering 22, ranging from 150 to

196 mm., and averaging 175-9 mm., or 6||^ inches; and the twenty-six

males varying from 141 to 174 mm., and having an average size of

165"4 mm., or 6i inches. Comparison with the previous group shows

an apparent annual rate of growth of 50*3 mm. ( 2 inches) for the

females and of 31 '8 mm. (1| inches) for the males.

The haul on 16th December proved the most productive, 1823 long
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rough dabs being taken, and they gavetlie best results. The first series

of this haul has been described. The females of the next series, 389 in

number, were well defined, extending from about 106 to about 157 mm.,

and having an average size of 1306 mm., or 5j- inches. The limits of

the males wei-e also defined, but they were confiuent to a remarkable

degree with those of the next older series (PI. XVII). They numbered

448, ranged from 100 to about 142 mm. in length, and had an avei-age

size of 128-7 mm., or 5j,^ inches. The indicated growth from the

corresponding series at the end of June amounted to 33" 1 mm. for the

females and 25-3 mm. for the males, and the annual increment of

growth deduced from the average of the previous generation was (for

males and females combined) 64 mm., or 2| inches.

The smallest females of the third series were 158 mm. long, but, as

usual, the limit between this series and the next older was diflicult to

define. I have placed it at 198 mm., and the average size of 219

fishes included in it is 178"5 mm., or 7 inches. The limit of the males

is also diflicult to decide, but they appear to extend from 143 mm. to

180, comprising 578 fishes with an average size of 157'1 mm., or 6^
inches. These averages indicate an annual increment of growth from

the preceding generation of 47*9 mm. (1^ inches) for the females, and
28"4 mm., o)' li inches, for the males.

The largest females present appear to form two succeeding seines, one

ranging from 200 to 227 mm., comprising 51 individuals, and having an

average size of 21 0"5 mm., or 8| inches, and the other represented by
five specimens from 245 to 265 mm., with an average size of 259 mm., or

10;j inches. The annual increment indicated by the former average is

32 mm., and by the latter 38'5 mm., which is probably inaccurate.

There were also seventeen larger males, of which sixteen, from 181 to

201 mm., are classed together, having an average size of 187'1 mm., or

7j] inches ; the other at 214 mm, probably represents another series.

A haul on 15th January 1902 yielded 77 long rough dabs, of whicli

46 belonged to one series—viz., 31 females varying from 106 to 145 mm.
in length, with an average size of 123-9 mm., or 4^ inches, and fifteen

males from 109 to 137 mm., and averaging 125*1 mm. These sizes are

smaller than in the corresponding series in the December haul, but in

this particular case a net with a somewhat smaller mesh than usual was
employed. The second series present was composed of 31 fishes, twenty-

six females, from 160 to 208 mm., and averaging 184-9 mm., or 7^^
inches, and five males, ranging from 147 to 180 mm., with an
average size of 157-4 mm., or 6^^ inches. The averages in this case are

slightly above those of December. The apparent annual increment
of growth from one series to the other is 61-0 mm., or 2| inches for the

females, 32-3 for the males, and 45-9 mm. for the sexes combined.

III. The Firth of Forth.

Certain hauls were made in the Firth of Forth in May, June, July,

and August, the same small-meshed net being employed ; one series were
made at .Station III., in from eight to ten fathoms, and another series

at Station V., near the mouth of the Firth, in from 20 to 30 fathoms
(PI. XVI 11.) The number of large fishes taken was relatively small, but
the younger series were well represented. The brood of the year were
found in small numbers in May at both stations ; at Station III. there

were three, 32, 42, and 52 mm., but it is possible the latter belonged to

the next series, tlie smallest member of which as defined was 57 mm.
The average for the three was 42 mm., or 1| inches, or if the one at 52

mm. be excluded, 37 mm. At Station V. two were caught, 32 and 49 mm
.,
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with an average of 40*5 mm., the next largest, belonging to the succeeding
series, measuring 60 mm. On 19th August, at Station III., 24 ranged
from 46 to 75 mm., with an average size of 51 "3 mm., or 2 inches ; on
22nd August nineteen, ranging from 45 to 59 mm., had an average length
of 52'8 mm.; the average of the tAvo combined was 51 "9 mm., or 2^^
inches. At Station V., on 24th July, foui' ranged from 39 to 51 mm.,
with an average of 43'3 mm. ; on 16th August the average was increased
to 52'3, the number of specimens being 31 and the size varying from 44
to 59 mm. On 21st August sixty-five of this series, ranging from 36 to

63 mm., had an average length of 54'4 mm., and the mean size of the
96 fishes belonging to this series for the dates mentioned was 54*8 nmi.,

or 2yV inches.

The next series was also well represented in most of the hauls, and
formed the greater bulk of the catches. In May, in 8 to 10 fathoms, 504
of this series were taken, the sexes of which were not determined ; the

combined group gave an average of 87" 1 mm., or Scinches, and ranged
from 57 to 123 mm. On 20th June this series was imperfectly

represented, the smaller fishes being absent, and the twenty specimens
obtained varied from 104 to about 135 mm., giving an average of

113"5, which is too high. On 24th July 278 of this series ranged from
83 to 135 mm., with an average of 112-1 mm., or 4^^ inches, and showing
an increment of growth from 9th to 16th May of 25 mm., or 1 inch.

On 19th August this series comprised 300 long rough dabs, of which 207,
ranging from 100 to 146 mm., were females, with an average size of

122'2 mm., (4|-| inches), and 93 males, from 94 to 129 mm., and having
an average length of 112'4 mm. The mean length of the series combined
was 119"1, or 4|i inches. On 22nd August the series was represented

by 170 females and 90 males, the former varying in length from 88 to

146 mm., and with a mean length of 122-9 mm., while the males ranged
from 97 to 140 mm., and had a mean size of 116-9 mm. Combining the
hauls in August the series is represented by 560 fishes, the females
numbering 377, ranging from 88 to 146 mm., and having a mean length
of 122-5 mm., or 4J-| inches; 183 males varied from 94 to 140 mm., and
had an average size of 114-6 mm., or 4| inches. The mean length of

the combined sexes was 120-0 mm., or 4| inches, showing an apparent
mean growth of 7-9 mm. during the twenty-eight days fiom the date of

the July haul, and 32-9 mm. in the 101 days from the hauls in May.
At the outer station, in from 20 to 30 fathoms, this series was

represented in the haul of 10th May by 565 specimens, ranging from 60
to 103 mm., and having an average size of 83-4 mm., or Scinches; the

mean size was thus 3*7 mm. under that of those taken at Station III.

On 24th July the average of the series was 116-9 mm., the number of

specimens being 334, and the range from 95 to 142 mm. On 16th
August the average of the group was 124*6 mm. (4g inches), the number
of fishes being 326 ; of these the females, numbei'ing 145, ranged from
110 to 147 mm., with an average length of 128-7 mm., and the males,
which numbered 181, ranged from 106 to 136 mm., and had an average
size of 121-3 mm. On 2l8t August the average size of 204 females
was 129-0 mm., and the range from 101 to 148 mm., while the mean
length of the males, 243 in number, was 122-8, and the range in size

from 106 to 141 mm. The combined August hauls for this series gave
an average for the 349 females of 128-9 mm., or Syly inches, and for the
424 males of 122-1 mm., or 4i| inches, while the average of the combined
sexes was 125-2 mm. (4J-| inches), and that for the group as determined
by the curve—including twenty-one males of the next series—was
125*7 mm. These averages are higher than those for the corresponding
series in August at the inner station by 6-4, 7'5, and 5-2 mm.
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respectively. This might be due to some extent to difference of rate of

gi-owth in the two localities ; but the curve for the fish from the deej^er

water is rather better than the other.

The apparent increment of growth of the fishes in the group, as shown
by these averages, is 33-5 mm. from 10th May to 24th July (75 days),

and 8-3 mm. from 24th July to 19th August (27 days), or a total increase

in the 102 days of 41*8 mm., or 1| inches. The corresponding increase

in the same period at Station III. was very nearly the same, viz.

7'9 mm. and 32-9 mm., the total being 40*8 mm., or only 1 mm.
less than the other. The number of fishes on which the former

calculation is based was 1675, the number in the latter case being 1342,

and the close agreement of the mean increase in the two cases proves, I

think, that the amount of growth indicated very closely approximates to

the truth.

Comparison of the avei-age size for this and the preceding group in

the various months shows an apparent annual rate of growth as

follows :

—

Month.
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for the combined sexes was 1 54*5 mm. In July the mean size was
172*2 mm. for the group with the sexes mixed, and the combined hauls

in August comprised ninety females with an average length of

189 "0 mm., and seventy-four males with an average size of 156'2mm.,
the mean for the group being 174"2.

It is clear from the variations in the averages, and from the curves,

that the mean size is not truly I'epresented. The apparent annual
increment of growth from the previous or younger series indicated by
the averages named is as follows;

—

Month.
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evident that a large nuinbei- of measurements of the older fishes would

require to be made at the same time in order to determine the natural

limits of the groups.

Very large long rough dabs were taken in the Firth of Forth.

The largest female obtained in the hauls described at Station JIl.

in June measured 387 mm., or IT)] inches, another measured 349 mm.
and others 310 and 312 mm., The largest male obtained was 210 mm.

8| (inches), the next in size measuring 197 and 198 mm.

IV. Moray Firth.

The long rough dabs obtained in certain hauls in the Moray Firth

were also measured. On 4th July 1901 246 were caught in the small-

meshed net in 83-85 fathoms, about 8| miles oft' Kinnaird Head, and

their measurements indicated the presence of three groups. The first

consisted of 92 females and 46 males, the former having a range

of from 76 to 115 mm., with an average size of 98'6 mm., or 3^ inches,

while the males, A'arying from 87 to 11 3 mm., had an average size

of 99-8 mm., or 3if inches, the average for the group with the sexes

combined being 98'3mm. The next group consisted of forty-nine

females and fifteen males, the former ranging from 135 to 172 mm.,
with an average size of 153*9 mm., or 6 Jg inches, while the males,

measuring from 128 to 157 mm., bad an average length of 140*9 mm.,
or 5y^^ inches. The average for the group with sexes combined was
150-8 mm. A thii-d series comprised forty-three females with an
average size of 188-9 mm., and a range from 174 to 214, and one

male 172 mm. long. The apparent annual increments of growth

between the successive groups in this haul are, for females 55-3

and 35-0 mm., and for males 42*3 and 31*1 mm., the apparent incre-

ment for the second series with sexes combined being 52-5 mm.
Other hauls were made with the small shrimp-net of the '' Garland "

in April and May in about 35 fathoms, eighteen miles north of

Macduflf. On Apiil 24th the first series consisted only of eight

fishes, namely, five females ranging from 66 to 73 mm., and with an
average size of 68-2 mm., or 2y^ inches, and three males from 67

to 73 mm., with a mean size of 69-3 mm. The next series consisted

of nine females and fifteen male.s, the former varying from 127

to 153 mm., and having an average size of 139-9 mm., or 5| inches,

and the latter ranging from 119 to 150 mm., with a mean size

of 135-9 mm. With the sexes combined the first series had an average

size of 68-6 mm., and the second one of 137*4 mm. The apparent annual
increment of growth from the first to the second series was, for females
71-7 mm., for males 66-3 mm., and for the combined sexes 68-8 mm., or

2^ inches.

The havil on 31st May yielded only two long rough dabs of the first

series, a female measuring 96 mm., and a male 97 mm. The second

series comprised eighteen females from 127 to 155 mm. long, and with
an average size of 142-3 mm., or 5| inches, and seventeen males ranging
from 124 to 152 mm., who.se mean length was 138-7 mm. The annual
increment of growth based on two fi.shes in one series is of little value

alone, still here they correspond well with the facts in other cases,

showing an increase of 46*3 mm. for females, and 41*7 for males. The
.same remark applies to the amount of growth in the interval of

38 days, as deduced from comparison of the averages. For the females
of the first .series it was 27-8 mm., and for the males 27-7 mm. For the

second series the increment for females in the period was only 2-4 mm.,
and for the males 2-8 mm.
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Y. The Firth of Clyde.

A number of hauls were made in the Firth of Clyde between the

island of Pladda and Turnberry Point in August, September, October,

and December 1899, the shrimp-trawl of the " Garland " being used.

The depth varied from about thirty to over foi-ty fathoms. The
measurements contrast with those obtained on the East Coast, and
show that the long rough dab grows more slowly in the Clyde (PI. XIX.).
The first series was represented in a haul on 30th August by four

specimens, from 41 to 45 mm. in length, and having an average size of

43"5 mm. On 14th September ninety-one belonging to this series had
an average length of 45*0 mm.; of these, forty-one were females ranging

from 39 to 52 mm., the mean size being 45*8 mm., twenty-three were
males from 41 to 50 mm., and having an average length of 45'6 mm.
On 1 2th October the mean size of 232 specimens had increased to 48*9 mm.,
the range being from 40 to 57 mm. In December (15th to 18th) the

mean length of twenty - nine specimens was 52"6 mm., the range

extending from 46 to 59 mm. On 3rd April 1900, ninety-five specimens,

varyingfrom49 to 64 mm., had an average size of 55*5 mm., or 2^^^ inches,

the females, fifty-seven in number, averaging 55*8 mm, and the males,

numbering thirty-eight, averaging 55*1 mm.
Thus the increments of growth of this series in the intervals between

the various hauls were as follows:

—

Date.
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79-4 mm., and fifteen were males averaging 75-2 mm. On 12th

October the mixed series ranged from 66 to 97 mm., and averaged

81-6 mm., the females, eighty in number, having a mean size of

80-8 mm., and the 114 males a mean size of 82-2 mm. In December the

average of the mixed series was 82-0 mm., and the range from 68 to

103 mm.; twenty-three females averaged 85-4 mm., and twenty-one males
78-4 mm. In April the average for the mixed series of forty-three

fishes was 84-4 mm. and the range from 68 to 107 mm. ; the twenty-

nine females averaged 85-7 mm., and the foiu^teen males 80-6 mm. It

will be seen from this that the rate of growth of the series was very

slow, and although the number of specimens was not very large, I

think the averages fairly well represent the facts. From 1st August to

3rd April the average growth amounted only to 7-7 mm. The sexes of

the series in the early hauls were not completely determined ; but from

14th September to 3rd April tlie females increased from an average

size of 79-4 to 85-7 mm., and the males from 75-2 to 80-6 mm., an

increase in the former case of 6-3 mm., and in the latter of 5-4 mm.
In both cases it will be observed that the increment, whether for the

mixed series throughout the whole period, or for the males and females

from September to April, is less than with tlie first or younger series.

They appear to grow relatively more in autumn and winter than the

fishes a year older.

If we now compare the mean size of this series with the mean size of

the previous series, the apparent increment of growth (in millimetres)

in the course of a year, as shown in the various hauls, is as

follows:—
3Gth August. 14th Sept. 12th Oct.

34-1 32-6 32-7

The mean annual increment from these observations is thus about
31-5 mm., or 1| inches. The diminishing increment shown is due to

'the relatively greater growth of the first or younger series in autumn
and winter above alluded to, which brings the averages closer together.

The growth.of this series may now be compared with the gi-owth of

the corresponding group on the East Coast, and I have given below th»

paiticulars for the northern part of the North Sea (ofi' the Shetlands)

(I.) and the deep water oft' Aberdeen (II.) :

—

15th to 18th Dee.
29-4

3rd April.
28-9

Date.
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These increments are greater in relation to the period than is shown
in he fisli from the Clyde ; and the annual increment deduced from

comparison of the mean-size of this and the preceding series is, as

already indicated, considerably greater also. Thus, for the fish off the

Shetlands we have annual increments in millimetres ns follows:

—

31st August.
54-9

4tli Sept.
55-2

16 til to 19th Oct.
53-1

19th May.
58-3

11th Dec. 1901.
47-0

The mean increase in a year between this series and the younger one

is therefore about 53'7 mm. (2^ inches), or 22-2 mm. (| inch) more than

the yearly gi-owth in the corresponding series in the Clyde. The
averages in the hauls oflf Aberdeen indicate the following annual

increments in millimetres :

—

21st August.
66-5

28th November.
58-7

16th December.
63-7

The mean increase in a year in these cases is about 63'0 mm., or 2|
inches.

In the Firth of Forth the annual increment of growth is still

greater, i.e. growth is more lapid, as I haA-e already shown (p. 378),

the mean increase from the previous series to this (in May, July, and

August) being about 69-8 mm., or, excktding the two instances in

May (five fishes) 70-7 mm. (2| inches), more than double, therefore, the

growth of the corresponding series in the Clyde. The average size of

this series at nearly corresponding dates in the various localities shows

the same thing, as indicated below :

—

Month.
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in the Clyde is so great as to justify the statement that there is there a

dwarfed race of long rough dabs comparable to the dwarfed race of plaice

to be found in the Baltic. The measurements and the curves (PI. XIX.)
sufficiently establish this, but in order to test it I have tabulated from
the " Garland's" records the long rovigh dabs taken by the ordinary beam
trawl-net of that vessel in a year in the Firth of Clyde and in the

Firth of Forth, with the following result. Of 4716 caught in the

Clyde, 200, or 4-2 per cent., were above nine inches in length, while in

the Forth, of 2113 caught, 214 or 10"1 per cent, were above that size.

Moreover, while in the Clyde there were only thirteen, or 0*27 per

cent., above ten inches, there were in the Forth 113, or 5*4 per cent.,

above that size ; in the Clyde there were two above eleven inches, in

the Forth thirty-nine; in the Clyde one was above twelve inches, in

the Forth nine ; and while the one referred to was the largest taken

in the Clyde, there were in the Forth three above thirteen inches

and one above fourteen inches. They have been obtained in the Forth
as large as 16| inches (420 mm.). Such large long rough dabs I never

found in the deep water oft' the Shetlands.

THE WHITING {Gadus merlangus, L.).

In last year's report the results of the measurements of a considerable

number of whitings caught in the autumn and winter of 1900 were

described, and since then a large number of others have been measured

at various dates, making a total of nearly 50,000 of this species. In

1900 hauls were made in the deep water oft* the Shetlands at the eiid of

August, beginning of September, and in October, and in 1891 in May
and December. The hauls in Aberdeen Bay in the former year com-
prised the months of September, October, and December. In 1891

collections were made in every month from May onward and one in

January 1902, and similar collections were obtained from the deep water

lying eight to twelve miles off Aberdeen. Collections were also made in

the Firth of Forth in the summer, and in the Moray Firth occasionally.

While the general result is to confirm the conclusion previously reached

as to the rate of growth of the whiting, the additional observations throw

light upon the variation in growth at different seasons in the same
locality, and at the same season in different localities, and the influence

which temperature appears to exert in connection with such variations.

The earliest series, comprising the smallest fishes, were first caught with

the small-meshed net, in Aberdeen Bay on the 31st July, in the

Firth of Forth on 23rd July, and in the deep water off Aberdeen on 21st

August. None were caught in hauls in Aberdeen Bay at the end of

June and on 5th July, nor in the deep water off Aberdeen at the end of

June (28th) or the end (30th) of July. A haul in 85 fathoms on 4th

July off Kinnaird Head, at the entrance of the Moray Firth, failed to

yield any whitings under about 8 inches ; and in the deep water off the

Shetlands none were procured in May, but a few were procured on 31st

August, 4th September, 16th October, and 11th December.
Moreover, an examination of the appended Table (p. 388) will show

that while the numbers at first caught were generally few, the sizes were
relatively large, and that as the season advanced greater catches were

obtained, and at the same time the minimum size became reduced and

the maximum size increased. In Aberdeen Bay six were taken on 31st

July, and the smallest was 95 mm. (3| inches), and the largest 125 mm.

(4|f inches); on 4th September, of 557, the smallest Avas 85 mm,
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(3|- inches), and the largest 148 mm. (5[g^ inches); in October the

smallest was 67 mm. (2|- inches), and the largest 174 mm. (6^ inches),

and they were caught in thousands. Much the same thing was observed

in the hauls in deep water off Aberdeen, and here these small whitings

were later in appearing than in the bay.

The increase in the maximum size in successive hauls is explicable by
the growth of the fish in the interval ; but the gradually increasing

abundance of smaller and smaller Avhitings at the bottom and in the

inshore waters, as the season advances, is no doubt due to the circum-

stance that they abandon their pelagic habit to a greater and greater extent

as the upper layers of water become colder, and they then appear in

the bay and shallower inshore waters in great numbers. Later, during

winter, while still present in the bay, they to a large extent withdraw to

the deeper water offshore, where tlie temperature is somewhat higher. In

the deep water between the Shetlands and jN'orway very few young
whitings were caught on the bottom—the greatest number in a drag was
sixty, compared with thousands in Aberdeen Bay. This may be due to

a prolonged pelagic habit, or to spawning taking place for the most part

near the coast. In the latter case the distance traversed by the mature
whitings must be considerable. The question will no doubt be settled

when the upper layers of water are properly explored.

The growth of the young whiting is very rapid. The spawning season

extends from the beginning of March to the end of June, or beginning of

July, with its maximum about the end of April, and, at the temperature

of the water at that time, the eggs will take about ten or twelve days to

hatch. The bulk of the larval whitings may thus be regarded as

beginning their independent pelagic life in the early part of May, at a

length of about 3-5 mm. (4- inch). By the end of the summer they have
grown thirty times longer, exceeding, on the average, four inches in

length.

The ranges and averages derived from the measurements of the small

whitings caught are given in the Table below.

In Aberdeen Bay the six whitings of this series caught on 31st July
had an average length of 112 mm., or 4^^ inches, a size much too large

for the date, owing to the absence of the smaller fishes. On 4th
September 557 ranged from 85 mm., or 3|- inches, to 148 mm., or

5{| inches, the average being 109-8 mm., or 4i% inches. On 10th
September the range was from 76 to 157 mm. and the mean length
110-4 mm. (4f inches). On 18th October the range was from 67 to

174 mm. and the average length 115-6 mm., or 4^ inches. On 29th
November the mean length was 136-7 mm., or 5|- inches, the largest

measuring 190 mm., or 7| inches.

We thus see that from 4th September until 29th November, an interval

of 86 days, the young whiting (in 1901) apparently increased its length,

on the average, by 26-9 mm. (1^ inch). The largest measured, us stated,

about 190 mm. in November and 148 mm. on 4th September, which
shows a maximum increase in the 86 days of 42 mm., or li^ inches.

[Table.
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Place and Date.
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67 mm. 91 mm.

and last year. In the haul on 18th October, for example, the fifty-

two smallest whitings, measuring from 67

to 89 mm., formed a pretty distinct group
by themselves, as represented in the adjoin-

ing figure, but the steepness of the upward
slope of the large curve (a) show^ed that

they belonged to the same series, and that

a portion of the somewhat larger (but still

small) fishes were absent, and perhaps had
risen from the bottom. If the fish were in

their second year they would have lived

through two summers, a supposition con-

tradicted by the proved rate of growth
;

and, moreover, no small whitings to repre-

sent such a hypothetical series w^ere ob-

tained in winter, spring, or early summer
—not until July—either on the bottom or

in midwater, although the large otter-trawl wdth the finest-meshed net

was employed.

The young whitings taken in the deep water oS Aberdeen also showed
a considerable increment in length, the mean size, computed from the

measurements, increasing from 105"1 mm. on 3rd September to 143*3

mm. on 15th January, an increase of 38 '2 mm. (1| inches), with a falling

temperature. The particulars are given in the following Table, and it will

be seen that the average size in the deep water in January was consider-

ably greater than in Aberdeen Bay. This may be partly owing to the

temperature in the former place being somewhat higher, but an

examination of the curves for the two localities shows that it is for the

most part caused by the larger fishes moving off from the shallow water

in winter in greater proportion than the smaller fishes. The next older

series (see Table, p. 431), i.e., over one year, are fairly abundant in the bay
in the summei', and they move offshore in September and October as the

smaller wdiitings come in, the larger of these again moving off in winter.

This is the main reason, as the curves indicate, of the actual diminution

of the mean-size for the winter in Aberdeen Bay, although growth then is

likewise retarded.

Place and Date.
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The collectiuiis from the Firtli of Forth also indicate the rapidity of

growth of the young whiting in summer, and they show at the same time

that they are first obtained in somewhat shallow water. A haul on 23rd

July at Station III., which is situated well up the Firth (ease of Inch-

keith), in 8 to 10 fathoms of water, yielded 911 young whitings, while a

haul on the following day at Station V., at the mouth of the Firth, in

20-30 fathoms, yielded only 34, and they were of larger size. In August,

while then abundant at ths outer station—although not so numerous as

at the inner one—they were also of larger size, the smaller fishes, no

doubt, being above the bottom and beyond the reach of the trawl.

At Station III. the whitings increased from 78'6 mm., or 3i inches

(or, as amended, 75 mm.), on 23rd July to 103-4 mm. on 19th August
an increase of 284 mm. (11 inches) in twenty-seven days. The mean
size of 3033 on 19th-22nd August was 103*6 mm., or, as amended, 105'0

mm. (4|- inches), an increase of 30 mm. in thirty days. The size of the

largest fish of the series increased in the same period from 109 to 148

mm., an increment of 39 mm. At Station V. the 34 caught on 24th July

had a mean size of 87*4 mm. (corrected to 80*0 mm.), Avhile on 16th

August the mean size of 100" 6 was 116'8 mm. (4|^ inches), or, as amended,.

110*0 ram., showing an increment of about 30 mm. (ly\ inches) in

twenty-three days.

Place and Date.
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the same. In May 1901 several hauls were made with the sinall-meshed

net, but only a few of the smaller whitings were caught. On the 19th,

about sixty miles E. by S. of Sumburgh Head, in 65 fathoms, four were

taken apparently belonging to this series, and they measured 201, 202,

210, and 223 mm, ; the next largest was 236 mm. On tiie 20th, in the same

locality, other seven were caught, measuring from 200 to 229 mm., the

next being 234 mm., and on the 21st, a few miles further north, in 65-70

fathoms, five were obtained ranging from 187 to 228 mm., the next being

251 mm. These whitings appear to form part of a series, but where the

division occurs it is difficult to decide. Above 24 cm. the whitings are

numerous, and form a well-defined group.*

On 11th December 1901 another haul was made with the small-meshed

net in deep water off the Shetlands, and among the whitings obtained

were sixty measuring from 80 to 164 mm. (3^-6^ inches), with a mean
size of 125*1 mm. (4if inches), or, as amended, 122-0 mm. (4| inches).

The curve in this case is good, except that the whitings between 10 and 11

cm. are not proportionally represented.

Place and Date.
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If this average and range be compared with those tor the corresponding

date at Aberdeen Bay and the deep water off Aberdeen, it will be seen

that the latter are larger, the difference in mean-size being over 13 mm.
and 6-7 mm. respectively. This is in agreement with the results derived

from the measurements of haddocks and long rough dabs, growth

in summer and autumn being less rapid in the deep water in the northern

part of the North Sea, as one might expect from the more tardy cycle of

temperature changes. Growth in winter and spring is, however, more

rapid in the deep water than near the shore ; but the evidence on this

point in the case of the whiting is slender, owing to the imperfection of

the hauls in May. If we assume that the conditions were essentially

similar in December 1900 as in December 1901, then we would have the

following ranges and averages for the respective dates, as computed from

the measurements and as amended :

—

Month.
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series present ia the precediug autumn, the bulk of the shoal having
probably risen from the bottom and escaped capture. If we construct

such a series, with the usual range, in front of the one beginning about
24 cm., viz., back to about 140 mm., then the mean-size of these whitings

when about a year old, in May, would be approximately 184*5 mm., or

1\ inches, the smallest measuring about 5| inches and the largest about

9 inches. On this hypothesis, the growth in the five months (about 155
days) December to May, would amount, on the average, to about 59'4 mm.
(2| inches), compared with the 17 or 18 mm. (j-jt inch) of increment for

the corresponding series for the same time in Aberdeen Bay ; and the

deep-water whitings in May would correspond in length to those got in

Aberdeen Bay in July. The increase is great, but in the case of the

haddock, where the series are somewhat better represented in December
and May (p. 404), the increase in the five months amounted for this series

during the same period to 62 mm. in the deep water off the Shetlands and
to 35 '3 mm. for Aberdeen Bay, calculated in the average size derived

directly from the measurements. Since the whole annual increment

between Series I. and Series II. in the deep-sea haddock, calculated on the

December curves (which are extremely good), is 128'9 mm., it follows that

the remaining 69 "5 mm. must be made up during the other seven months
of the year, from the middle of May to the middle of December, so that

the winter and spring growth in the deep water is approximately at the

same rate as during summer and autumn. This forms a marked
contrast to the growth in the two seasons exhibited in Aberdeen Bay,
and is, no doubt, due to the greater uniformity of the conditions

throughout the year, and especially to the much slighter seasonal

changes of temperature that occur in the deep northern waters. In
connection with this it may be further remarked that the distinctive-

ness and separation of the early Series I. and II. are much greater in

the deep water than in the inshore waters, and this is true not only of

the whiting, but also of the haddock, the Norway Pout, and the long

rough dab.

The range and relative growth of the 1st Series of Whitings at the

different dates is represented in the adjoining figure.

August, September.

October.

Docemlier.

In its second year the growth of the whiting is also rapid, and in
inshore waters, as Aberdeen Bay, it exhibits the same variation with the
season as in the earlier series.

In the following Table I have given the particulars of the ranges and
averages in the various months, tracing the series from the early part of
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October 1900, when it was al)()ut six months old, to January 19U2, whcu
it Avas approaching its third year. On 30th May, when over a year old,

the average length was 151 "3 mm., or 5|| inches, and the range from

113 mm. to 189 mm, From the end of May until the end of July they

increased in mean length from 151-3 mm. to 192*5 mm. or 7^^^ inches, an

increment in the sixty-two days of 41-2 mm. (1| inches). The smallest

of the series increased by 24 mm., and the largest by 55 mm. (2^ inches).

Series I. (8th October 1900) to Series II. (15th January 1892).

Place and Date.
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From 31st July to 18th October, when the mean size was 223-2 mm.,
or 8^1 inches, the increase amounted to other 30'7 mm., or \\ inches, the

total mean increment in the 141 days being 7 1*9 mm. (2^| inches). In the

same period of 141 days the smallest grew from 113 mm. to 179 mm., an

increase of 66 mm., while the largest increased from 189 to 267 mm,,
an increment of 78 mm. {^j^ inches). In some of the hauls in

autumn the average size, as computed from the measurements, exhibited

not an increase, but a decrease. An examination of the curves, and

in some cases of the range alone, makes it clear, however, that this

diminution is owing to the imperfect representation of the larger fishes.

The numbers of the whitings of this series caught in autumn diminishes

owing to offshore migration, and the earliest to go are the larger ones.

On 15th January only five were taken, and their average size was
227*2 mm., or close upon nine inches. On 30th May the same group

—

then beginning their third year—measured from 219 to 311 mm., the

computed mean size being 251 "9 mm., or 9i|^ inches. Since the mean size

of the previous series on 30th May was 151 "3 mm., the increment in a

year amounted to almost exactly 100 mm,, or about four inches.

It will also be seen from the Table that from 8th-13th October 1900 to

18th Octeber 1901 the increase in the mean length was from 121*0 mm.
to 223*2 mm., a similar increment in the year of about 100 mm., or 4

inches, and this amount agrees with the mean annual increment deduced

from comparison of the averages.

This series of whitings in their second year was represented in hauls

elsewhere. In the Cromarty Firth on 1st June 78 whitings belonged to

the series, ranging from 119 to 198 mm., the average size being 161*4 mm.,

or 6g inches, and the curve formed is symmetrical. In the deep water

off Aberdeen on 28th June, in 65 fathoms, 114, ranging from 141 to

212 mm., had a mean size of 181*1 mm. (7g inches). The curve, however,

is imperfect, the fishes not being present in due proportion, and a

more accurate mean size would be about 186 mm. At the same place on

30Lh July very few whitings were taken, and only seven apparently

belonging to this series. On 21st August seventy were taken, measuring

from 174 to 252 mm., and with an average length of 214*9 mm., or

84 inches. On 3rd September eight caught had a range from 150 to

2 12 mm., and a mean size of 182*6 mm.—obviously unrepresentative. On
5th November nine, ranging from 223 to 283 mm., had an average size

of 255*7 mm. On 28th November nineteen ranged from 198 to

287 mm., the mean size being 242*3 mm. On 16th December they

were more abundant, and the curves are satisfactory, the 207 fishes

ranging from 192 to 278 mm. and having a mean size of 231*8 mm., or

9g inches. On 15th January 1902, 126 of this series ranged from

194 to 277 mm., the average size being 231*1 mm.
It will be observed that this series was scantily present in the deep

water off Aberdeen in the summer and more abundant in the bay, while

the opposite occurred in December and January. More correct averages

and ranges would probably be obtained by combining the series from the

two localities. Owing to the very small numbers taken in the deep water

in summer the combination would only slightly affect the averages for the

bay, but in November, December, and January the combination gives the

following ranges and means :

—

28-29 November, 95 from 192 to 287 : average 224*8 mm.
16-17 December, 249 „ 189 „ 278 : „ 226*7 „

15 January, 131 „ 194 „ 277 : „ 230*9 „

In the collections from the Firth of Forth this series (II.) was well
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represented in some of the liauls. At Station III., on 9th-13t h May
740 ranged from 71 to 171 mm. (2]| inches to 6f inches), the average

size being 124-9 mm., or 4|4 inches. At Station V., in deeper water, on

10th ^Nla}', 1148 ranged from 77 to 173 mm., the mean being 130 mm.,

or 5^ inches. The two combined, numbering 1888 tislies, had an average

size of 128-0 mm., or 5y\- inches, and this may be taken as the average

length of the whiting in that locality when about one year oltl.

At Station III., on 23rd July, 569 had a range from 116 to 248 mm.
and an average size of 174-9 mm. At the outer station on the following

day 340 ranged from 133 to 243 mm., the mean being 168-8 mm. The
average size for the combined measurements of the 909 whitings is

172*5 ram. or 6^-1 inches, the increment of growth indicated in the 83 or

84 days from the ]\Iay hauls thus being 44-.5 mm,, or If inches. The
largest had increased by 75 mm., or 2]-f inches, and the smallest by

45 mm.
On 19th and 22nd August, at Station III., 461 ranged from 153 to

279 mm., and had a mean size of 200-6 mm. At Station V., on 16th

August, 153 ranged from 149 to 265 mm., the mean being 186-5 mm.
The mean for the series combined is 200*6 mm., showing an apparent

growtii from the July hanls of 25-7 mm., and from the May hauls of

75-7 mm., or 3 inches.

The larger whitings collected from the deep water off the Shetlands

have been found difficult to group satisfactorily. In the hauls in

August and September none were procured between 118 mm. and about

290 mm. (114 inches). In October the interval was from 139 to

222 mm., and only one was got at this size, the next being 257 mm. In

December the interval was from 164 to 236 mm., and the next largest

was 257 mm., then 262, 266 ram., after which they were numerous. In

May the interval was much less, but very few wei'e taken

between 22 and 25 cm. The curve of the great bulk of the whitings

measured forms a high column with a base extending from about 29

to 41 cm. in September, 25 to 39 or 40 cm. in October, 25 to 38 cm.

in December, and 24 or 25 to 36 or 37 cm. in May. Obviously these

do not represent a natural series, and when the measurements are plotted

out in -5 cm. groups little further light is given. The condition contrasts

with that shown by the haddocks, and it appears that most of

the whitings of the second series are not as a rule present on the bottom,

and are therefore not caught, or only occasionally an odd specimen. The
question of the growth of the older series of whitings in the deep water

must be left for further investigation.

The third year's fish were not caught in such numbers as the second

series, and their rate of growth is less rapid. In the following Table

I give the particulars of those taken in Aberdeen Bay and off Aberdeen

at the various dates mentioned :

—

I Table.
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Series TI. to Series III.

Place and Date.
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average size of 279 5 mm., or 10^ inches. In the Firth of Forth the

series was scantily represented, and the limits are sometimes difficult to

determine. On 23rd July thirty-three ranged from 253 to 340 mm.,
having a mean size of 280'4 mm., or eleven inches. On 22nd August the

average size of seven, ranging from 276 to 304 mm., was 289 mm.
The observations show that the rate of growth of the whiting varies in

different regions (see PI. XX., XXI.). It is most markedly rhythmic in such

places as the Firth of Forth, where the summer and winter temperatures

have the greatest range. In winter growth is greatly retarded there, or

almost quite arrested, while in May, June, July, and August it is very

rapid, about three-quarters of the total increase in the year taking place in

these months.

In an open bay, such as Aberdeen Bay, with deep water ofl' the shore,

the growth, while still markedly cyclical, is less so than in the former
case. In winter growth is slower, but it continues. The most rapid

increase also takes place here in May, June, July, and August.
In the deep water towards the middle of the northern part of the North

Sea, it may be said that, although the observations on the whiting, except
with regard to the first series, are imperfect, growth loses much of its

cyclical character. It seems to take place almost as quickly in the winter as

in the summer, and is thus more uniform. The phenomenon is consistent

with the comparatively slight seasonal change of temperature that occurs

in these depths, and the later period when the minimum temperature is

reached. There is evidence that the growth at some part of the period

between December and May is a little slower, but further observations are

required.

Moreover, it will be noticed from the curves that the young
whitings in their first summer are largest in the Firth of Forth and
smallest in the deep northern waters, while those at Aberdeen are of

intermediate size. This might be partly due toajjossible difference in the
spawning season ; but it is, no doubt, also due to the fact that in such
places as the Forth the larval fishes, on issuing from the egg, begin their

life in a rapidly rising temperature and grow quickly, while in the deep
water off the Shetlands at the same time they encounter a temperature
just beginning to rise, and which rises sluggishly. In August, for

example, the young whitings are as large in the Forth as they are in

Aberdeen Bay in September, and considerably larger than they are in the
northern waters, but in the following January they are rather smaller, and
they are considerably smaller when one year old.

Another deduction from the curves is that the whitings of an area do
not appear to migrate far from it

—

i.e., the curves show the same features

for fish one, two, and three years old.

With regard to the age of the whiting when it first attains maturity,
the observations which have Ijeen hitherto made as to the averao-e size

Avhen maturity is reached are not very extensive, and the areas in which
the fish were taken were not always sufficiently well determined, a point,

as will be seen from the Table given below, of some importance.
In the Firth of Forth and neighbourhood both females and males were

found mature when nine inches in length.* On the west coast of

Ireland Holt examined a number of whiting, all the males being over nine
inches and all the females over eleven inches, and all were mature ;t and
the same observer, from the examination of fish at Grimsby, has fixed

nine inches as the size at which the majority of females first become
mature in the North Sea.J While the average size of the female and

" TeiilJi Ann. Rep. Fisfuri/ Jinardfor Sa,//and, Part iii., j). iSda.
t Rep. Council Ry. bub. Soc, 1891. App. C, p. 277.

X-Tmnn. MuroK. Biol. A^sm:, iii., p. .377.
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male whiting (all sizes together) closely correspond (that of 423 males

examined being 11 '29 inches, that of 895 females 11'78 inches) there do

not appear to be exact observations as to the average size at first-maturity

in the two sexes.

From the investigations detailed in this paper it appears that some
whitings, before the conclusion of the spawning season in the year after

that in which they were themselves born

—

i.e., when they are a little over

one year of age—may attain a size about equal to the size above stated at

which maturity is first reached. But the size of the whitings at corres-

ponding ages may, as we have seen, differ considerably in different places,

and the size at which maturity is attained will, no doubt, differ in

the same way. Such cases, however, of large whitings one year

old are exceptional, and represent only the few biggest fish of the

generation ; while the average size, and still more, of course, the minimum
size, of the series arc very much lower. In Aberdeen Bay, for example,

whitings one year old may vary from about 3| inches to 7i inches, the

average size being 5| inches. In the Firth of Forth the range is from

about 2| inches to 6| inches, the average being 4^ inches. The

whitings from the deep water off the Shetlands (according to the com-

putation previously made, grow more quickly during winter and

spring, and may be regarded as ranging in May from about five to nine

inches, with an average of se^en inches ; but further observations are

required in this case. There is little doubt that none of these whitings

spawn at the sizes stated

—

i.e., when one year old.

When two years old the whitings at Aberdeen range from about seven

and three-quarter inches to over twelve inches, the average size being

about 9|- inches. In the Forth they are somewhat smaller, ranging from

under seven to nearly llg inches, the average size being about 8|- inches.

It is this series, then, I think without any doubt, that must be regarded

as that which spawns for the first time ; and on the assumption discussed

elsewhere (p. 359) it is probable that all the whitings spawn when two

years old, the larger fishes probably earliest in March, and the smaller

towards the end of the spawning season in June, when they will have

added considerably to their length. One would expect to find

therefore, among these spawning whitings a variation in the size at

first-maturity corresponding to the limits of the group

—

i.e., from about

eight to over twelve inches.

I have given in the following Table the approximate length and

weight of the whitings at one and two years of age in the localities

referred to :

—

[Table.
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No. of Years Old.
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sixty-five were taken, the smallest measuring 96 mm. and the largest

131 mm., or b\ inches, the average being very nearly what it was in

Aberdeen Bay, viz. 109'5 mm. Haddocks somewhat smaller were
obtained a few days earlier at the mouth of the Firth of Forth
(Station V.), but none were found at this time at the inner station in

shallower water (III.), the condition in regard to the whiting at these two
stations being thus reversed {see p. 391). These young haddocks ranged
from 72 mm. (2g inches) to 107 mm., and had an average size of 91 '3 mm.

In Aberdeen Bay 103 were taken on the 10th September with the

small-meshed net, the smallest measuring 109 mm. and the largest

185 mm., the average size being 147"3 mm., or 5||- inches. Further col-

lections were obtained in October, November, and December, and the

particulars in regard to these hauls are given in the following Table :

—

Date.
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amended mean-size for the end of July be a<lopted tlie increase becomes

about 90 mm. or 3^ inches, about half the growth in length occurring

between the hatching in April and the end of July.

It will also be noticed that in late autumn and in winter the growth is

much slower, the greatest increase occurring, in the series represented, in

August and the early part of September.

The particulars regarding this series of small haddocks obtained in the

deep water off Aberdeen show a similar rapidity of growth, as indicated

in the following Table :

—

Date.
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Date.
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afterwards, and yet from that period to the end of the year the young
haddocks at Aberdeen added about three inches to their length. More-

over, the use of a fine-meshed net (| incli) both on the bottom and in

midwater yielded no haddocks smaller than 150 mm. (5|- inches) in

January, and none smaller than 137 mm. in December. It seems
surprising that a haddock should grow, on the average, to a length of

7i inches from the time it was hatched from the egg early in April until

December, when it is about eight months old, and that others, no doubt

hatched a month or so earlier, should in the same period reach a length

of over 84 inches.

With regard to the haddock when one year old, or in its second year,

the only haul made during the spawning season was the one in the deep

water ofi' the Shetlands on 10th March, and tiie computed size of the

series Avas 173 mm., or 6j| inches, while the corrected average is about

165 mm., or 6| inches.

In the hauls made in Aberdeen Bay and in the deep water o3
Aberdeen, this series was well represented on some occasions, but on
others the haddocks of the second year were not abundant. It was,

moreover, difficult in some cases to differentiate this group from the next

older generation, and there is therefore not the same certainty in regard

to the increase at different periods as with the first series.

In Aberdeen Bay the average size of 58 taken on 30th May was 215-3

mm., or 8| inches, the range being from 174 to 241 mm. These
haddocks were a little under fourteen months old. On 13th June 110
ranged from 181 to 263 mm., the mean size being 224*5 mm., or 8^
inches, the increase in the fourteen days amounting to 9'2 mm. On 10th

September 200 varied in length from 197 to 317 mm., the average size

being 264"7 mm., or lOy^^ inches, showing an increase in the ninety days
of 40 '2 mm. The hauls in October, November, and December yielded

very few haddocks of this series, viz. 49, 3, 4, and 4, and the averages

were small. These haddocks, like the whitings of corresponding age,

apparently moved out from the inshore waters in the months named. In
1890, however, they were more abundant, and gave higher averages.

Thus 516 on 8th-13th October had a mean size of 281 9 mm. ; and 1001
on 31st October-lst November a mean size of 293'3 mm. On December
17th-19th 263, ranging from 237 to 345 mm., had an average size of

295*3 mm., or llf inches. This would represent a growth of about 80
mm. (3|^ inches) from the end of May.

In the deep water off Aberdeen 750 taken on 28th June ranged from
168 to 278 mm., and the average size was 230*2 mm., or a little over

nine inches. On 30th July the mean size of 311 was 244*5 mm., and
the range from 184 to 293 mm. ; on 21st August 540 ranged from 202
to 308 mm., the average size being 2508 mm. On 5tli November the

mean size of 219 was 273*2 mm., and the range between 230 and 312
mm. ; and on 16th December the mean size of 457 was 277*4 mm., and
the range from 223 to 325. Only 24 were taken on 15th January, and
they ranged from 240 to 334 mm., the average being 286*8 mm. In the

202 days, from 28th June, the apparent increase amounted to 56*6 mm.,
or about '2\ inches.

The information in regard to the growth of the haddocks in their third

year in Aberdeen Bay is less complete, owing partly to the comparatively
small number of specimens taken and also to the difficulty in many cases

of precisely defining the limits of the group. On 30th May seventy-one

ranged from 262 to 372 mm., the average being 315*7 mm., or 12| inches.

On 6th June 486 taken with the ordinary otter-trawl ranged from 264 to

371 mm., the average being 3193 mm. On 13th June the correspond-
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ing average was 328-7 mm., on 31st July 246-6 mm., and on 10th

September 367*6 mm., showing an apparent increment in the 103 days of

51*9 mm. None of this series were got in the later hauls.

In the deep water off Aberdeen 179 taken on 2Sth June had an

average size of 317-4 mm., but the range (280-388) and the curve shows

the true mean should be considerably higher. On 30th July 81 had a

range from 296 to 396 and an average of 334-7 mm. ; on 21st August the

mean size of 59 was 348-7 mm. ; on 5th November the mean of 22 was

346-2 mm., but as amended it should be about 366 mm. ; on 16th

December fifteen had a mean size of 379-] mm, ; and on 15th January

three averaged 353 mm. The apparent increment in the 172 days, from

28th June to 16th December, amounted to 61-7 mm.
The haddocks older than three years were not procured in great

numbers, but they were fairly well represented in some hauls. On 6th

June, in Aberdeen Bay, sixty-six, ranging from 373 to 465 mm., had an

average size of 403-8 mm., or 15f inches. Thei'e were other two at 502

and 503 mm. which may be regarded as representing another series ; one

at 582 and one at 648 probably representing fish over four, five, and six

years of age, possibly more. On 13th June forty-five, measuring from

387 to 463 mm., had an average size of 408 mm. There were two at 505

and 506 mm., two at 552 and 578 mm., and three from 615 to 619 mm.,

with an average of 617-3 mm. (24,| inches). On 31st July eight ranged

from 393 to 468 mm., the average being 416-2 mm.; on 4th September

six, ranging from 420 to 436 mm., had a mean size of 426'8 mm. ; on

10th September the mean size of six, measuring from 421 to 445 mm.,

was 431-1 mm., and there were other three 574, 582, and 658 mm.
(25i inches). In October, November, December, and January none of

these large haddocks were caught in Aberdeen Bay, nor, with the

exception of three in November (with an average of 406-7 mm.), in the

deep water off Aberdeen. On 28th June, at the latter place, twelve,

ranging from 392 to 427 mm., had an average size of 405-2 mm. ; on 30th

July ten, measuring from 412 to 452 mm., had an average size of 428-6

mm. (16|- inches), and the average of three, ranging from 502 to 528 mm.,

was 517 mm. (20|- inches). On 21st August two measured 450 and 462

mm., the average being 456 mm. (17|- inches).

Large haddocks were also procured in some hauls in the Moray Firth.

On 1st June, off Lossiemouth, forty, just over three years old, ranged

from 281 to 363 mm., the average being 324-4 mm., or 12| inches, and

forty-three varied from 371 to 457 mm., the average being 407-3 mm., or

about 16 inches. In this haul there were a considerable number of larger

haddocks, ranging from 469 mm. (18| inches) to 835 mm. (32i inches),

but they cannot at present be satisfactorily grouped into series. The

deepest sulci in the curves are at 51, 57-5, 64, 67, and 74 cm.* While

it is difficult to define the series to which these large haddocks

belong, it is evident that the larger ones must be of considerable age.

Since a haddock when three years old measures about 14| or 15 inches

in length, and growth is slower after maturity is reached, it is probable

the largest haddocks in this haul were at least about nine years old.

Hauls were also made at Smith Bank in the Moray Firth in June and

November, and in Sinclair Bay on the coast of Caithness at the beginning

of June, but the curves of the measurements are not satisfactory.

At Sinclair Bay on 4th June the haddocks of the preceding year were

The centimetre grouping is as follows :

—

47
1
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represented by five specimens from 214 to 266 mm. in length, the average

being 21 7 "8 mm., or 8g inches. The next series—fish a little over two

years old—numbered 1.35, and measured from 280 to 365 mm., the average

being 323"6 ram., or 12^ inches. The fourth series, or fish a little over

three years old, numbered 114, and had an average size of 408*1 mm., or

16^ inches, the range being from 375 to 462 mm. There were other

fifteen, measuring from 465 to 538 mm., with an average of 490'6 mm.
(19| inches), representing fish about four years and two months old, and

another measuring 570 mm.
In the haul on Smith Bank on 5th June, in 22 fathoms, seventeen

haddocks represented the fish of the preceding year ; they measured from

217 to 246 mm., and had an average size of 231 mm., which is too

high. The next series comprised 224 haddocks from 256 to about 363 mm.,
the average size being 309*7 mm., or 12^ inches. Other 82 ranged

from 365 to 444 ram., with an average of 393*8 mm., or about 15^ inches,

and seven measured from 458 to 524 mm., the average being 486*9 mm.,
or a little over 19 inches. There was also one at 711 mm.
On I^ovember 8th the haddocks of the year were represented by eleven

from 186 to 206 mm., with an average of 197*6 mm., or 7f inches.

A haul in 83-85 fathoms on 4tli July off Kinnaird Head yielded 105

haddocks of the previous year which gave a good curve, the sizes ranging

from 174 to 263 mm., the average being 215*5 mm., or 8| inches. The
mean size is considerably below that of the haddocks off Aberdeen at

nearly the same date and approximates to that of the haddocks caught

further north-east, off the Shetlands. The remainder of the curve is

irregular, but the second series—over two years of age—appears to comprise

94 haddocks ranging from 273 to 374 mm., the average being 319*8 mm.,
or 12| inches. Other thirteen measured from 383 to 474 mm. with an

average of 408*7 mm., or a little over sixteen inches, and one measured

502 ram.

The young haddocks from the deep water off" the Shetlands have been

already referred to (p. 404). The definition of the limits of the older series

presents greater difficulties, although not so much as was found to be the

case with the whiting. The places where the hauls were taken are

approximately as follows :^

(1) 31 Aug.-4 Septr., 1900.—Lat. 59' 35' N., long. 1° 5' E. ; 70
miles S.E. by E. of Sumburgh
Head, Shetland, 65 fathoms.

(2) 16-19 October, 1900.—Lat. 59° 24' N., long. 1° 8' W. ; 16

miles S.E. of Fair Isle, 60-65
fathoms.

(3) 19-20 May, 1901.—Lat. 59° 55' N. to 60* 10' N., long. 0° 50' E.
;

60 miles E. by S. of Sumburgh
Head ; 65-70 fathoms.

(4) 11 December, 1901.—Lat. 59° 16' X., long. 0° 53' E. ; about 75

miles S.E. of Sumburgh Head

;

75 fathoms.

(5) 10 :March, 1902.—Lat. G0° 42' N., long. 1° 45' E. ; nearly

midway between XJnst, Shetland,

and Norway ; 75 fathoms.

In most of the hauls the curves of measurements are not very satis-

factory. The measurements of the larger haddocks in August and

September, 1900, were made on the inch scale (to cpiarters), and the great

bulk of them formed a curve whose base extended from about 28 to 42 or

43 cm.. Avith little indication of a sulcus until about 37 cm. More than

one series were really comprised in this group.
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In October, when all the haddocks were measured on the millimetre

scale, two distinct groups were present—those of the year and the series of

the year before. The older fishes formed a group ranging from about

30 cm. to 44 or 48 cm., the downward slope of the curve being prolonged

and broken, but clear indication of a division between series existing,

usually high up on the curve, about 36 cm., and which when prolonged to

the base line reached to about 39 cm.

In the May hauls the first series was imperfectly represented, but a clear

division existed between 24 and 25 cm., while the fish above the latter

size formed a more or less slumped group, the tall peaked column formed

by the curve resting on a base extending from 25 cm, to 47 or 48 cm. The
curves of individual hauls, however, indicated a division about 34 or

35 cm. and another about 43 cm.

On 11th December a haul was taken by Captain Caie, of the " Star of

Peace," and all the fish caught were brought to the Marine Laboratory,

those from the otter trawl in ice, and those from the small-meshed net in

one per cent, formaline solution. The curves of the measurements in this

case were very satisfactory up to about 42 cm., a first, second, and third

series being well defined.

The haul on 10th March was obtained in the same way, but about 100

miles further in a north-easterly direction. The two first series were well

defined, but the separation between the second and the third was not so

distinct, and the curve of the measurements of the haddocks still larger

was irregular.

In the following Table I have given the particulars referring to these

various hauls, as well as they can be made out, and have placed in brackets

the amended ranges and averages in cases w4iere part of the series was

absent :

—
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March to 20th May, 71 days, the apparent increase was 24*4 mm., or on

the amended average 32-4 mm. The iucrea.se in length in the whole

period from the beginning of September till the tliird week in May
amounted to about 109 mm., or i-f^ inches.

The increase in the second series over the whole period was 72*5 mm.
(2g inches), or with the amended avei'ages 63-5 mm. (2| inches), while

the apparent increment in the third series was 40"7 mm., or 1| inches.

The differences between the average size of the various series may now
be considered. The mean length of the haddock at Aberdeen when one

year of age we have seen to be about 7^ inches, but the growth in length

during the second year is less. The mean of the differences between

the average size of the first and second series in twelve collections in

the autumn of 1900 was about 4f inches. The mean of the thirteen

hauls in 1901 in which the series were represented was 108 mm. or

4^ inches, which represents the apparent average growth from the first

to the second series in the course of a year. The difterence varies

considerably according to the time of year, being between 130 and

134 mm. in July, when the first series appears, and diminishing in the

latter part of the year, owing to the relatively more rapid growth of the

first series. And since the growth during the first year in the deep water

off the Shetlands is less than at Aberdeen, while it is relatively greater

in the second year, the difference between the averages is greater, the mean
of the five cases having 126"2 mm., or |f inches.

The growth in length from the second to the third series is slower. At
Aberdeen the mean of ten cases in 1901 was 95*5 mm., or 3| inches;

in several of these instances, however, the number of haddocks was small

and the larger ones not proportionally well represented. In the deep-sea

haddocks practically the same difference was shown, the mean of the four

cases being 94"9 mm.
The growth in length from the third to the fourth series is less pre-

cisely determined. The eight cases at Aberdeen in which comparison can

be made gives a mean uf 81'3 mm., or 3^^^ inches. In four cases in the

Moray Firth the mean amounts to 85 •! mm., or 3| inches.

I have represented in the curves on Plate XXI. the average growth of

the haddock at Aberdeen and in the deep water off the Shetlands ; in the

former case by taking the mean of the measurements for the bay and the

deeper water offshore, while in the latter case the measurements them-

selves are represented. The averages for Aberdeen Bay and oil' Aberdeen

coincide very closely for the young haddocks from July, in which they

were first caught, until the following summer, when they were over a

year old, but in the autumn and winter the averages vary and diverge,

owing, as explained, to the unequal representation of the larger fishes, but

the curve substantially represents the size at different periods.

The following Table is based upon the curve, and represents the

approximate mean length and w^eight of the haddock when one, two, and

three years old at Aberdeen and in the deep water of the northern part

of the North Sea respectively, as well as the approximate range of length

and weight in the same series in the early part of April. The weights

are derived from a curve formed by weighing a large number of haddocks

;

its accuracy is greater for the smaller-sized fishes than for the larger, of

which fewer were weiehed.

[Table.
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VII.—REPORT ON THH: OPERATIONS AT THE BAY OF
NIGG HATCHERY DURING THE SPRING SEASON OF
1901. By Haralb C. Dannevig.

In several earlier reports on the work at the hatchery reference was
made to the desirability of being able to preserve the spawners from the

one year to the other. By so doing the difficulties attending the work
with newly confined fish would be avoided, while it was also anticipated

that a much greater number of eggs wovild be obtained. This anticipa-

tion had not been confirmed at Dunbar, owing in particular to the want
of a sufficiently large pond. The outcome of experiments pointed to a

negative result being due to such unsatisfactory conditions as would not

exist in a large pond, and no fears were entertained as regards ultimate

success in this respect. After the close of the spawning season at Bay
of Nigg in May 1900, the remaining large plaice were retained in the

y^ond, where they were regularly fed on shelled mussels, and already

during the latter part of the summer a development of the ovaries of

the females could be observed. This became more noticeable as the

season advanced. On October 26th twenty female plaice were examined,

and of these eleven were found to have been spawning during the

previous season and were again developing eggs normally ; seven more
were in a similar state, but were young fishes that apparently developed

eggs for the first time. The remaining two females had been egg-bound

dui'ing the previous season, and their ovaries were not visibly developed

at that date. The total number of plaice in the pond at this period was
625 of both sexes. During the third week of December another 397

were obtained from Aberdeen Bay ; these were young fishes, mostly

about the age of maturity. And at the end of the same month 184

larger plaice were brought from the Dornoch Firth. As will always

happen in consequence of injuries sustained during the capture, a portion

of these new fishes died soon after being put into the pond ; and on

January 8th, when all the plaice were examined, the total number was

1071. Of the females 560 were considered likely to spawn normally

during the following two or three months, while about 240 were

uncertain, and for the greater part immature fishes.

The first sign of spawning was observed on January 1 2th, when a few

eggs were found in the water, The number was yet small, and continued

so for another week. On January 22nd the hatchery was started for

the season with 60,000 eggs which were collected from the surface-

water of the pond and placed in the hatching-apparatus for development.

This early commencement of the spawning corresponded very closely

with the ordinary period in the open sea, and since in previous years the

spawning at the hatchery was always much later, while at the same time

new fishes only had been used, the normal spawning on the present

occasion may safely be attributed to the presence in the pond of a con-

siderable number of old plaice that had already become thoroughly

acclimatised to confinement. Additional evidence in this respect must

also be recognised in the circumstance, that while in previous years the

spawning increased very i^apidly—with a rush as it were—the season

tliis year was more gi'adual. Disregarding the temporary variations

following upon extreme changes in the temperature of the pond-water,

it will be seen from Table I. that the spawning as a whole continued to

increase for about one and a half months, and the climax then reached
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was maintained for another live weeks. This period, during which the

greater bulk of the Q^^i^ were produced, was most prolific about the end
of the first week in April, and it continued until the 22nd of the same
month. By this time, however, the number of eggs decreased rapidly

in the pond : most of the fishes had clearly become spent during the

heavy production of eggs in April, and the spawning came to a close

early in May. As regards the temporary variation in the s{)awning,

subsequent to changes in the temperatui-e, several instances may be
observed in Table I. Five days aftei- the hatchery was started the

spawning ceased altogether for six or seven days. This was caused by a
reduction of the temperature of the water in the pond in consequence
of a fall of snow. For several days part of the pond was covered with
thin boards, supported on large beams, so as to save the surface-water

from exposure to the strong and cold winds. A similar fall of tempera-
ture occurred at the middle of February, when, in addition to being
covered, the water in the pond was artificially heated with waste steam
from the boiler. Cold weather with snow set in again at the end of

March, but probably owing to the advanced state of the ovarian

development the spawning on this occasion was less affected.

The daily progress of the hatching season will be seen from Table 1.

In regard to the specific gravity of the sea-water on the beach a con-

siderable variation will be observed. This variation, which is due to

the river Dee and in some measure to the fresh ground-water from the
surrounding hills, does not usually extend to the deeper layers, from
which the supply for the pond is taken. On 14 out of 110 days it was
below 27, and on one occasion below 26. Thus the specific gravity

of the pond-water was usually higher than the surface-water on the

beach, of which a very stiiking instance may be seen from the records

for the end of the second week of February. The difficulties previously

experienced with water of a low salinity, owing to a leak in the inflow

pipe, have thus been remedied, and are not likely to recur again as long
as the main supply pipe remains undamaged. Owing to the increased

supply of eggs, the storage tank of water for the hatchery was unable to

serve the hatching apparatus for the whole night at the most busy part

of the season, and an increased death-rate amongst the more advanced
eggs was the consequence. During the present year this tank has been
heightened considerably, and will be able to serve the present number
of hatching appar.itus for about ten hours.

During the season a total of 65,377,000 eggs were collected from the

pond, from which 51,800,000 plaice fry were obtained and planted
in the upper area of Loch Fyne. The particulais in connection with
the distribution of the fry will be seen from Table II. As in the
previous year the ti-ansport was efl'ected at night, and ordinary carboy
jars were used.

[Table.
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TABLE I.—Showing the Daily Progress of the Hatching Operations, as well

as the Temp^'ature and the Specific Gravity of Water in the Hatcheiy,

the Pond, and on the Beach.

Date.



of the Fisher11 Hoard for ^colland.

TABLE I.

—

continued.

443

Date.



444 Part III.—Tiventicth Annual Report

TABLE I.
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TABLE II.—Showing particulars in connection with the Distribution of Fry
in Loch Fyne. .

Date.
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Vlir.—NOTES ON GATHERINGS OF CRUSTACEA COLLECTED
BY THE FISHERY STEAMER "GARLAND," AND THE
STEAM TRA^\TLERS "STAR OF PEACE" AND "STAR
OF HOPE," OF ABERDEEN, DURING THE YEAR 1901.

By Thomas Scott, F.L.S., Mem. Soc. Zool. de France.

(Plates XXII.—XXV.)

In continuation of my notes on the new and rare Crustaceans which
have been obtained in tow-net gatherings, and in gatherings of dredged

and other materials collected at different times and in various places

during the past year, I have to acknowledge my indebtedness to the

Naturalist on board the Fishery steamer "Garland," and to Mr.

Dannevig and others who have carried on from time to time a

considerable amount of interesting fishery research work during

1901. The collections of Crustacea forwarded to the Laboratory at

Bay of Nigg, in connection with these investgations, have in a number
of instances proved to be extremely interesting. Several apparently

undescribed forms have been obtained, while others, though they

may have been recorded elsewhere, have not previously been
obtained in Scottish waters. Moreover, the distribution of a number of

rare species described in former papers has by these researches been still

further extended.

A number of rare Crustaceans—Copepods and others—have occurred

in gatherings collected by the " Garland " in the Firth of Forth on the

East of Scotland, and in Loch Etive on the West Coast. Other rare

forms have been obtained in gatherings collected by the steam trawler
" Star of Peace " while working to the east and north of the Shetland

Islands ; and one or two species, rarely met with, were also ca{)tured in

deep water (58 to 65 fathoms) about nine to ten miles to the eastward
of Aberdeen by the steam trawler " Star of Hope."

There is one point in connection with these investigations which seems
to be of peculiar interest, and which it may not be out of place to refer

to liere ; it is this, that localities which have already been subjected to

prolonged and careful examination should still continue to yield not only

rare but even new forms of life. I do not refer to those minute micro-

scopical species which are difficult to distinguish, and which may easily

be overlooked even by those who have acquired a fairly extensive and
special knowledge, but species which from their size and shape or colour

are sufficiently conspicuous to attract the attention of even the casual

observer. Whether these forms, which are turning up in places where
they have not been seen before, are recent or new arrivals, or whether
they have escaped notice hitherto owing to their distribution being
limited to some particular area more or less out of the reach of the dredge
or the tow-net, and that, having for some reason left their old haunts, and
made their way to a place more accessible, have ultimately been captured,

is a question that may not be easily answered. The following two
examples will indicate more clearly tlie aspect of the question concerning
the distribution of species to which I refer :

—

For many years previous to 1886-87, when arrangements were made by
the Fishery Board for the scientific investigation of the Firth of Forth,

special efforts had from time to time been put forth by not a few eminent
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naturalists to study the invertebrate fauna of the Forth estuary, and a

considerable number of species of Crustacea, including several Schizopods,

w^ere made known to science, yet none of these investigators appears to

have noticed Erythrops goesii, G.O.S. (= E. erytJirophthcdmus, Goes).

Now this Schizopod, though probably one of the largest of the

species belonging to the genus Erythrops, is under half an inch

in length, and might on account of its small size be overlooked

by an ordinary observer, but, like its confreres, it possesses eyes

of such a brilliant red colour as to make the little creature quite conspicu-

ous even in a crowded tow-net gathering, especially if the gathering be

examined soon after it is collected ; it is therefore scarcely likely that this

ErytJu'Oj^s would have escaped being noticed by naturalists so experienced

as Goodsir, Henderson, Leslie, and others, had it been present in any of

their collections. Other and less conspicuous 'Schizopods were recorded

by these early investigators : then why not this one? When, on the other

hand, we turn to the work of the Fishery steamer "Garland," as described

in the various Annual Reports of the Board, we find that mention is made
of Erythrops as early as October 3rd, 1888, when it was obtained in a

bottom tow-net gathering collected at Station V.,* while in a paper on

the fauna of the Firth of Forth published in 1889 Erythrops goesii is,

described as " frequent all over the Forth from Inchkeith to May
Island, "t and as being new to Britain ; but since that time it has been

found to be of moderately common occurrence, especially in the part of

the Firth described above. The question which naturally suggests itself

here is—Was the recognition of Erythrops in the Firth of Forth in 1888,

and every year since, the result of a recent migration of the species, or

had it simply been overlooked by former observers ?

The second example is even more interesting than the one just referred

to—viz., the occurrence of Calocaris macandrecs in the Firth of Forth.

Calocaris was for a long time considered to be a rare species and to have

a very limited distribution ; subsequent investigations have shown, how-
ever, that its distribution is not so restricted as it was formerly believed

to be ; but till as recently as the past summer it had never been known
to occur in the Firth of Forth, notwithstanding the fact that the Crus-

tacean fauna of that estuary has been very carefully examined by the

various methods of tow-netting, dredging, and trawling, as well as by the

examination of the organisms contained in the stomachs of fishes captured

within its limits. About the end of May of the present year (1901), when
the Fishery steamer " Garland " was engaged in carrying on some special

work, a number of specimens of the Crustacean referred to were obtained,

along with several other organisms, at Station II I.—to the east of Inchkeith

—in a small-mesh net which was being employed for the capture of small

fishes ; and it was also about the same time obtained in the stomach of a

Long Ptough Dab, Drepauopsetta platessoides, from about the same place.

Other specimens of Calocaris were obtained by Mr. Pearcey, the JSTaturalist

on board the " Garland," in the stomachs of large Witch Soles,

Pleuronectes cynoglossus, captured on the 28th of June and 15th July at

Station V.—to the west of May Island—in 25 to 27 fathoms. These

various captures of Calocaris within such a short time would almost

warrant the belief that this Crustacean was not uncommon in the Firth of

Forth ; and should that be found to be really the case, the fact that no

trace of the species had been noticed by any previous observer is of con-

siderable interest. Of course, if the species be of true fossorial habits

—

and any evidence we have concerning it seems to support such a con-

^ Se.'enth Annual Report of the Fishery Board for Scotland (1889), Part III., p. 57.

fOp. cit., p. 322.
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elusion—it might easily escape capture by the dredge or the trawl by

burrowing deep into the soft mud which forms the floor of the more cen-

tral portion of the estuaiy of the Forth; but its occurrence in the

stomachs of the Long Rough Dab and the Witch Sole indicates that it

does not always remain in hiding, but occasionally comes to the surface

of the mud in which it burrows, and though it may have escaped being

c-i])tured by the dredge or the trawl, it apparently does not always escape

the fishes that happens to be on the look-out for food, yet we can find no

reference to its ever having been observed even in the stomachs of fishes

taken within the estuary. Calocaris is considered to be somewhat slug-

gish in its habits, because specimens are occasionally found overgrown

with a small zoophyte ; but such habits should make its capture by trawl

or dredge of more easy accomplishment. Moreover, it is not such a small

species as to be easily passed over, and it is sufficiently distinct that any

one with a fair knowledge of the Crustacea would be likely to recognise

it as different from the more common forms, yet the fact remains that not

one of the many students who have investigated the Crustacean fauna of

the Firth of Forth appears to have obtained any evidence to lead them to

regard it as even of doubtful occurrence within the limits of the estuary.

Whether Calocaris be a recent introduction or not, there is apparently

no doubt as to its having now a right to be reckoned amongst the

Crustacean fauna of the Forth.

The number of Crustacea recorded in the present paper is scarcely so

large as in that published last year, but there are included several species

apparently undescribed, and others which are new or rare in the Scottish

seas. The following are the more interesting of the species recorded :

—

Xanthocalanus (?) horealis, G. O. Sars.

(1) Phcenna zetJandica T. Scott (sp. n.)

Scolecithrix (1) hrevicomis, G. O. Sars.

PlatypsyUm minor, T. Scott (gen. et sp. n.).

Nereicola concinna, T. Scott (sp. n.).

Stenhelia confusa, T. Scott (sp. n.).

Ameira tenuicornis, T. Scott (sp. n.).

Ameira propinqua, T. Scott (sp. n.).

Pseiidomesochra longifurcata, T. Scott (gen. et sp. n.).

Leptopontia curvicauda, T. Scott (gen. et sp. n,).

Normanella ctttenuata, A. Scott.

Fultonia hirsida, T. Scott (gen. et sp. n.).

Monstrilla lomjiremis, Giesbrecht.

Thaumaleus thompsoni, Giesbrecht.

Pseu(7opsyIhis elongatus, T. Scott (gen. et sp. n.).

Acontiopliorus ornatus (Brady and Robertson).

Gancerilla iubulata, Dalyell.

Salenslcya tuherosa, Giard and Bonnier.

: It will be observed from the above list that five new genera and ten

new species are described in the present paper. There were a feAV other

interesting organisms observed, such as Area pectuncuJoides and Cadidus

sid'fusiformis (two species of MoUusca), but valves only of the first, and
a recently dead specimen of the other, were obtained.

The following is a detailed description of the more interesting of the

species of Crustacea observed in the numerous gatherings examined dur-

ing the year :

—

2 E
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CRUSTACEA.

Sub-Class ENTOMOSTRACA.

Order I.—COPEPODA.

Calanid^.

Galanus Jiyperhoreus, Kroyer.

1838. Galanus hyperhoreus, Kr., Danske Selsk. Afh., vol. 7

p. 310, t. 4.

A few specimens were obtained in a gathering collected about 22 miles

to the north of Shetland on May 17th, 1901. One or two specimens

were also found in another gathering collected to the east of the

Shetland Islands on the 22nd of the same month, and as both these

localities are within the British area, this northern Calanus is entitled

to be regarded as a member of the copepod fauna of the British Islands.

This appears to be the only Calanus in the ^N'orth Atlantic or Arctic seas

in which the last segment of the thorax has the postero-lateral margins

distinctly angular. The size of specimens appears to vary a good deal,

but one or two of the largest of those now recorded measured one-fifth

of an inch (5 mm.) in length.

RMncalanus (?) gigas, Brady.

I have again to record this copepod from the Moray Firth. It does

not appear to differ much except in size from the form described by
Dr. Brady under the name given above.

Pseudoccdanus elongatus, Boeck.

I include this common species in these notes in order to mention the

occun-ence of a form somewhat smaller than the ordinary one. These two

forms have been observed in the Firth of Forth and in the Moray
Firth as well as off the Aberdeenshire coast. They were first noticed a

good many years ago, and they are still occasionally noticed. Though
the two forms have been carefully examined no important difference has

been observed between them.

Stephus minor,' T. Scott.

1892. Stephus minor, T. Scott, lOtli Ann. Rept. Fishery Board

for Scot., pt. iii., p. 245, pi. vii., figs. 1, 2, 10-13.

This species occurred in a bottom gathering from Smith Bank, Moray
Firth, collected on February 15th, 1901, at a depth of about 24 fathoms.

Stephus minor, though apparently widely distributed, seems to be a rare

species, as seldom more than one or two specimens are obtained in any

single gathering.

Stephus scotti, G. O. Sars.

1896. Stephus gyrans, T. Scott (not Giesbrecht), 15th Ann.

Rept. of the Fishery Board for Scot., pt. iii., p. 146, pi. ii.,

fig. 9, pi. iii., figs. 17, 18.

Recently, when re-examining some cojDepoda collected in the Firth of

Foi'th in 1892, I obtained a single female specimen of this species.
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This is the first time the species has beeen observed on the east coast,

but on the west coast it lias been taken in Loch Fyne and in the Sound
of Mull ; it appears to be a very scarce species. Prof. G. O. Sars informs

me in lit. tliat this species has long ago been found by him off the

Norwegian coast, and that, though the female resembles somewhat the

female of Steplins gyraiis, Giesbrecht, the male (which I have not seen)

differs very considerably from the male of the ' form described by that

author. He also informs me that the name he proposes for this species is

Steplms scotti, a full description of which will be found in vol iv of his

work on the Crustacea of Norway, now in course of publication.

Pseudoeydopia caudata, T. Scott.

1894. rseudocydopia caudata, T. Scott, 12th Ann. Kept.

Fishery Board for Scot, pt. iii., p. 236, pi. v., figs. 1-8.

This is a smaller and rarer species than Pseudoeydopia crassicornis

;

it has been taken in the Firth of Clyde as well as in the Firth of Forth,

and I now record its occurrence in the deep water (60 fathoms) about 10

miles off Aberdeen, where it was collected on July 30th, 1901. In this

species the caudal furca are distinctly more elongate than in the other

described species.

jEtidius armatus, Brady.

The female specimen of a copepod which I regard as identical with

the species described by Dr. Brady under the above name in his Report
on the Challenger Copepoda, occurred in a niid-water tow-net gathering

collected off the east side of the Shetland Islands on May 22nd, 1901.

Professor Sars, in his new work on the Copepoda of Norway, remarks that

the Psendocakmus armatus of Boeck is probably identical with the

^Etidius armatus described by Professor G. S. Brady, and if so, the

name of the species would stand as jEtidus armatus (Boeck).

Bradyidius armatus (Vanhoffen).

1878. Pseudocalanus armatus, Brady (not Boeck), Brit. Copep.,

vol. i., p. 46, pi. iv., figs. 1-11.

1899. Bradyidius arviattis (VRnholfen). Vide Das Tierreich,

p. 32.

C?)
1884. Undinopsis Bradyi, G. 0. Sars, in Sp. Schneider's Kept,

of Invertebrata from the Kvsenangen Fjord.

A set of drawings showing the structural differences between the male

and female of this species, with descriptive notes, was published in the

14th Annual Report of the Fishery Board for Scotland. It is a species

that is of frequent occurrence in the Clyde, where it was first obtained

by Dr. Brady many j^ears ago, and it is also found on other parts of the

Scottish coasts—its distribution extending to the north of the Shetland

Islands, where it was collected on the 17th of May of the present year

(1901). Undinopsis Bradyi, G. O. Sars, may be identical with this

species, but it diff^ers somewhat in the structure of the fifth thoracic feet

of the male.

Scolecithrix hihernica, A. Scott.

1896. Scolecithrix hihernica, A. Scott, Ann. and Mag. Nat.

Hist., (6), vol. 18, p. 362, pi. xvii., figs. 1-9
;

pi. xviii.,

figs. 1-9.

This species was obtained in Loch Etive in about 60 fathoms on

September 17th, 1901 ; Loch Etive is a new station for this Scolecithrix,
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(1) Scolecithrix brevicornis, G. 0. Sars. PI. XXV., figs. 1 and 2.

1900. Scolecithrix brevicornis, G. 0. Sars, The Norw. N. Polar

Exped. (1893-96), p. 49, pi. x.

Description of the Male.—Length 1 '5 ram. (about ^ of an inch).

Body viewed from above, elongate-oval; equal to rather more than two-thirds

of the entire length, widest behind the middle. The anterior somite is

equal to nearly twice the entire length of the next three : abdomen,
slender, scarcely half as long as the thorax, Antennules moderately

short, scarcely reaching to the first abdominal segment, the first seven

joints very short, the eighth to the (?) twelfth coalescent, the remaining

joints somewhat similar to those of the female.

The fifth thoracic feet were slightly damaged, and the following

description of them is to some extent imperfect. The left leg is composed
of four joints, the first is swollen but scarcely as long as the next, the third

and fourth, which are sub-equal, are also rather shorter as well as being

more slender than the second. The right leg consists of three (? or four)

joints, the first and second are moderately elongate, the third is some-

what shorter and narrower, alongside of third joint and articulated with

it to the end of the second is a slender branch-like appendage equal iu

length to the third joint (fig. 2).

Habitat.—Collected about sixty miles to the east of the Shetland

Islands on May 22nd, 1901. In the same gathering were obtained

Metridia longa, Xantlioc(danu$ (?) borealis, and one or two other rare cope-

pods. The copepod which I have provisionally ascribed to Scolecithrix

brevicornis agrees with the female described by Professor G. 0. Sars in its

general form, in the proportional lengths of the thoracic segments, and in

the comparatively short antennules. Sars did not obtain the male of his

species, and there is therefore some uncertainty as to whether our

specimen belongs to that species or not. This gathering was from

moderately deep water.

Xanthocalanus (?) borealis, G. 0. Sars. PI. XXII., figs. 8 and 9.

1900. Xanthocalanus borealis, G. O. Sars, Crust, of Norw. N.
Polar Exped., p. 49, pi. xi,

A female specimen of a Xanthocalamis was obtained in a tow-net

gathering collected to the eastward of the Shetland Islands on

May 22nd, 1901. It was thought at first that this specimen might

belong to the Xanthocalanus minor, Giesbrecht, but on a careful comparison

of it with the description and figures of that species and with the

description and figures of G. 0. Sars' Xanthocalanus borealis it was found

to agree much better with the latter than with the former species.

Prof. G. O. Sars, in the portion of his new work on the Crustacea of

Norway, just published,* gives a figure of the fifth pair of thoracic feet

of a slightly immature female, which agrees fairly well with the drawing

of the fifth pair of the Shetland specimen (fig. 9).

This specimen (fig. 8) measures 2-89 mm. (rather less than an eighth

of an inch) in length. The cephalothorax is moderately robust,

and when viewed from above the width is seen to be equal to

more than a third of its entire length, the sides are evenly rounded, and

the posterior thoracic segment is produced on each side into acute angular

processes which reach beyond the middle of the first abdominal segment.

A minute seta springs from each side of the second-last thoracic somite.

*Crustaeea of Norway, by G. 0. Sars, vol. iv. (Copepoda), parts iii. and iv, (1902), p. 46,

pi. xxxi., xxxii.
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The abdomen is narrow and short, being scarcely more than a fifth of

the entire length of thorax and abdomen.

The caudal furca are very short. No furcal seta3 arc sho'.vn in the

figure, a.s they had all been broken oft".

The fifth pair of thoracic feet are of moderate size, the first joint is

equal to rather more than half the length of the second one, and is

slightly gibbous on the interior aspect, the inner margin is also densely

fringed with minute hairs ; the second joint is slightly distorted, being

bent inward somewhat abruptly near the middle ; this joint is armed with

three moderately stout setiferous terminal spines, and is also furnished

with a few minute setaj on the lateral aspect and near where the joint

is bent as shown in the draAving (fig. 9).

The occurrence of Xanthocalanus boreaUs in the neighbourhood of the

Shetland Islands adds another species to the copepod fauna of Scotland.

The distribution of this species appears to be somewhat restricted, as,

with the exception of a single young female obtained in a gathering

collected north of the JSlew Siberian Islands, Prof. Sars has only found it

in Stavanger Fjord, and in a few other places off the west coast of

Norway, but its occurrence in this Shetland gathering seems to indicate

that it may after all have an extensive distribution.

Phienna '/.etlandica, sp. n. PI. XXII., figs. 5-7.

A male specimen of a {I) Plurnna, which I have provisionally

named P. zetlan<U<'a, was obtained in the same gathering with the

Xantliocalanus just described, agrees in some respects very closely

with Phcenna spinifera, Claus, and may probably be only a form

of that species. The specimen (fig. 5) measures nearly two and a

half millimetres (yl^ of an inch) in length. The thorax is moderately

robust, and when seen from above is broadest behind the middle. The
ceplialo-thoracic segment, which is about equal to half the entire length of

the animal, tapers gradually to the broadly rounded forehead, the next-

three thoracic segments are short. The abdomen is narrow, and its

length is equal to little more than a third of that of the cephalo-thorax

;

it consists of five segments, the genital segment is slightly longer than

any of the others, the last is very short ; the caudal furca are very short

(the furcal hairs are not shown, as they had accidentally been broken off).

The antennules, which appear to be the same on both sides, do not

reach to the end of the abdomen, the first six joints are short, the seventh,

eighth, and ninth are partly coalescent, the tenth to the fifteenth joints,

which are of moderate length, are sub-equal, the seventeenth joint is also

nearly equal to these in length, but the remaining joints are rather shorter

;

the antennules are only sparingly setiferous, as shown by the drawing

(fig- 5).

The fifth pair of feet, in which both branches are developed, are very

similar to those of Phonna spinifera, Claus. The right branch is elon-

gated and slender and composed of four joints, the first three are of nearly

equal length, but the last is about one and a half times the length of the

preceding joint and considerably attenuated so as to resemble a spine

rather than a joint (fig. 6). The left branch is rather longer than the

right one and apparently five-jointed ; the terminal portion of this branch

consists of two appendages, the inner one being short and moderately

broad, rounded at the end and fringed with seta?, the other is narrow and
longer than the inner one and forms with it a kind of finger and thumb-
like arrangement, as shown in figure 7.

The fifth thoracic feet of this Shetland specimen are seen to differ
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somewhat from the fifth pair of the male oi Phcenna spim/era,.Claus,

especially in the terminal part of the left branch, when compared with

the figure of the male fifth pair in Dr. Giesbrecht's work *
; and I have

therefore provisionally retained it under a separate specific name.

Centropagid^.

Metridia longa (Lubbock). PI. XXII., figs. 1-4.

One or two specimens of Lubbock's Metridia (Calanus) longa were

found in a gathering collected about 22 miles to the north and in another

collected about 60 miles to the east of the Shetland Islands ; the first was

collected on May 17th, and the other on May 22nd, 1901. One of the

largest specimens taken in the first gathering measured 4 mm,, or about

one-sixth of an inch in length. The male and female specimens

represented by the drawings (figs. 1 to 4) were obtained in the second of

the two gatherings mentioned above ; this female, which is scarcely so

large as the largest specimen found in the first gathering, measured about

3*7 mm. and the male 2*8 mm. in length. The fifth pair of thoracic feet

of the male and female, as represented by the figures 3 and 4, are

practically identical with the figures of the same appendages given by
Dr. Giesbrecht.t

Metridia lucens, Boeck.

This species was moderately frequent in the same gatherings with the

last, as well as in gatherings from the Moray Firth and from other parts

of the Scottish coasts.

PSEUDOCYCLOPID^.

Pseudoeydops obtusatus, G. S. Brady.

One or two specimens of this curious species occurred in the washings

of some dredged material from the north-west end of Inchkeith, Firth of

Forth, collected on May 23rd, 1901. Pseudoeydops obtusatus has already

been recorded from the Forth estuary, but has not been very often met
with.

PONTELLID^.

Acartia bifilosa, Giesbrecht.

Acartia bifilosa was obtained along with the two species of Metridia

mentioned above in the gatherings from the north and east of Shetland,

and also in gatherings from the Firth of Forth recently collected.

Cyclopid^.

Oithona (1) setiger, Dana.

Several specimens of an Oithona which I ascribe to Oithona setiger,

Dana, occurred in a tow-net gathering from the Firth of Forth collected

on April 22nd, and also in a similar gathering collected to the east of the

Shetland Islands on the 22nd of May, 1901. In these specimens the

rostrum, which projects forward instead of downward as in 0.

helgolandica, Glaus {0. similis, Giesbrecht), tapers gradually to an acute

* Fauna u. Flora d. Golfes v. Neapel, vol, 19, p. 293, t. 12, fig. 5.

t Pelagischeu Copepoden dcs Golfes von Neapel, pi. 33, figs. 20 and 23.
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point, and not abruptly as in O. plumifera, Baird. This same Oifhona

was recorded from the Firth of Forth in 1891 under Dana's name

—

Oithona setiyer*

ASCIDICOLID.E.

Dorcpygus normani, G. S. Brady.

1898. Doropygus normani, G. S. Brady, Mon. Brit. Gopep.,

vol. i., p. 136, pi. xxxii., figs. 1-14.

This large and distinct species was obtained in some material dredged

in 8 fathoms off the North Craig, Firth of Forth, on July the 4th, 1901.

Though the branchial chamber of the larger ascidians is the usual habitat

of this species, it sometimes happens that the test of the ascidian is rup-

tured by the dredge, and the copepods that may be contained within the

branchial chamber are then set free. Probably this may explain the

reason why the specimens of a somewhat peculiar type of copepod, which

I now describe, were obtained " free " amongst the same dredged material

from the North Craig in which the Doropygus occurred.

Platypsyllus, T. Scott (gen. nov.).

Body flat and sub-ovate. Anteunules rudimentary. Antennsj

(?) obsolete. Mouth consisting of a small suctorial tube. Mandibles,

rnaxilh^?, and maxillipeds (?) obsolete. No thoracic feet observed. Abdo-

men scarcely distinguishable from the thorax. Ovisacs two, elongated.

Platypsyllus minor, T. Scott (sp. nov.). PI. XXV., figs. 15-16.

Description of Female.—Length 1'7 mm. (nearly -^.- of an inch) in

length. Body, seen from above, flat, oblong-ovate, greatest width near the

posterior end, but the form varies somewhat in different specimens.

Colour (after a short immersion in alcohol), opaque-white. Antennule

obsolete or nearly so, reduced to a minute lobe on each side of the fore-

head, and bearing one or two extremely minute seta\ Antennse obso-

lete. Mouth suctorial, and consisting of a small trumpet-shaped tube

(fig. 16). Mandibles and other mouth appendages wanting. Thoracic

feet also wanting. Abdomen indistinct from thorax. (Ovisacs two,

elongated, and containing numerous small ova ; each ovisac originates

from a small lateral angular process at the posterior end of the body
(fig. 15).

Habitat.—Vicinity of North Craig, Firth of Forth, dredged in 8

fathoms on July 4th, 1901. No males have been observed.

Remarks.—The first specimens of this curious copepod observed were
without ovisacs, and from their shape, their colour, and the apparent
entire absence of appendages, thera was at first considerable doubt
regarding them, but ere long a sjjecimen turned up with two long ovisacs

attached to it, and then their true character was revealed.

From the simple and unarmed structure of these copepods it is fairly

evident, I think, that if they are not commensals of some ascidian they
must receive from some other host the shelter and protection necessary

to organisms apparently so helpless as these animals seem to be.

Nereicola concinna, T. Scott (sp. nov.). PI. XXV., figs. 8-14.

Description of the Female.—Length, 1-6 mm. (about -^ of an inch)

Body considerably dilated, rather more than one and a half times longer

* Ninth Annual Report of the Fishery Board for Scotland, Part III., p. 301.
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than broad, widest in the middle. The cephalo-thoracic segment scarcely

distinct, being indicated by a simple constriction ; thoracic segments all

coalescent. Abdomen very small, and apparently consisting of two
somites ; the first somite is short but moderately broad ; the second is also

short, and tapers abruptly to the slightly bilobed extremity. Caudal
furca extremely small. Ovisacs (two) large (fig. 8).

The antennules are short, moderately slender, and five-jointed; the first

and the last three are sub-equal in length, but the second is about one
and a half times the length of the third ; all the joints are sparingly

setiferous (fig. 9).

The antennaj are short and three jointed, the end joint is armed with

one small marginal and three or four stout terminal spines, which are

slightly hooked (fig. 10) ; they are not provided with secondary branches.

The mandibles are large and elongated
;
proximally they are some-

what dilated, but they taper gradually to the distal extremity, where they
are armed with two rows of short but stout tooth-spines as shown in the

drawing (fig. 11). No maxillae could be observed.

The first and second maxilHpeds are very stout but of a somewhat
rudimentary structure ; the terminal claws are very short, but stout and
tooth-like (figs. 12, 13). JSTo thoracic feet were observed.

Hahitat.—Parasitic on specimens of a marine annelid, Eulalia viridis

QErsted, dredged by the " Garland " in 55 to 65 fathoms in Loch Etive,

west coast of Scotland, on September 17th, 1901. Several specimens,

including old and young, were observed ; one or two of the specimens

occurred still adhering to fragments of the annelid, on which they

appeared to be able to take a very firm hold.

At first I was not sure but that these Loch Etive specimens might
belong to the same species as those found by Professor M'Intosh on Nereis

cultrifera, Grube,* on the shores of the Channel Islands. I therefore

sent a specimen to him for his opinion as to whether it was the same as

those he had discovered ; in replying to me he pointed out certain differ-

ences observed by him, and also very kindly sent me an example of the

form from the Channel Islands so that I might more easily observe the

differences he referred to. He stated further that the form found by
him was the Nereicola ovata described by Keferstein in 1860.f I am
also indebted to Professor M'Intosh for the name of the annelid from Loch
Etive on which the copepods described here were obtained.

The difference in the form of immature specimens of Nereicola concinna

from that of similar specimens of N. omt is even more marked than in

the adults (fig. 14).

Harpacticid^.

Ettcanuella spinifera, T. Scott.

1901. Eucanuella spinifera, T. Scott, 19th Ann. Kept. Fishery

Board for Scotland., pt. iii., p. 245, pi. xviii., figs. 1-10.

This species, described in Part iii. of the 19th Annual Report, has

again been observed in a gathering of bottom material collected to the

east of the Shetland Islands in 60 to 70 fathoms on May 22nd,

1901. Eucanuella is apparently a deep-water species.

*0n a Crustacean parasite of Nereis cultrifera, Grube, by W. C. Macintosh, M.D.,
3Iicr. Journ., vol. x., N.S., p. 39, pi. v.

fZeit. f. w. Zool., bd. xii. (1860), taf. xliii., f. 1-4, p. 461.
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Ectinosoma melaniceps, Boeck, (?) var. PL XXII., figs. 10-16.

1864. Ectinosoma melaniceps, Boeck, Overs. Norg. Copep., p. 20.

A few specimens of an Ectinosoma obtained in some dredged material

from Station VI., Firth of Forth, have such a general resemblance to

Ectinosoma melaniceps, Boeck, that though they differ in some details

of structure they may after all be only a form of that species. The fol-

lowing description will indicate a few of the more important points of

difterence :
—

The antennules are six-jointed, the basal joint appears to be the

largest, being nearly twice the length of the next one, but the others are

comparatively small (tig. 11). The antennjii appear to be similar to those

of Ectinosoma melaniceps. The mandibles and mandible-palps are

slender (fig. 12). The other mouth organs and swimming feet are some-

what similar to the same appendages in E. melaniceps (figs. 13, 14).

The fifth pair of the present form have the basal joints not very broad,

the inner produced part scarcely reaches to the middle of the secondary

joints, and is abruptly truncate at the apex ; a short and a moderately

long seta spring from the apex, the inner seta being the longest. The

secondary joints are sub-cylindrical, and about one and a half times

longer than broad ; they are furnished with three terminal setie, the

middle one, which springs from a slightly produced lobe, is considerably

longer than the other two ; a small lateral hair is observed between the

elongated middle seta and the outer one as shown in the figure (fig. 15).

No males were observed.

Stenhelia ima, G. S. Brady.

1872. CanthocampAus imus, Brady, Nat. Hist. Northumb. and

Durham, vol. iv., p. 432, pi. xix., figs. 1-5.

This species occurred very sparingly in washings from dredged material

collected near Inchkeith, Firth of Forth, on July 4th, 1901. Though
Stenhelia ima is apparently Avidely distributed, I have not found it to be

very common.

Stenhelia intermedia, T. Scott.

1897. Stenhelia intermedia, T. Scott, 15th Ann. Rept. Fishery

Board for Scotland, pt. iii., p. 169, pi. ii., figs. 10-21.

This somewhat rare species was dredged in Loch Etive in about 60
fathoms on September 17th, 1901.

Stenhelia hirsuta, 1. C. Thompson.

1893. Stenhelia hirsuta, I. C. Thompson, Trans. L'pool Biol.

Soc, vol. vii., p. 20, pi. xxi., fig. 2. d.e.f. (separate reprint).

Specimens of Stenhelia hirsuta were occasionally observed in gather-

ings of dredged material from the Firth of Forth collected in July, 1901.

(1) Stenhelia hispida, G. S. Brady. PI. XXIV., figs. 19-26.

1880. Stenhelia hispida, Brady, Mon. Brit. Copep., vol. ii.,

p. 32, pi. xlii., figs. 1-14.

Description of the Female.—Length about 1 mm. (j\ of an inch).

The body is in general appearance somewhat similar to Stenhelia ima
(fig. 19).
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Antennules scarcely reaching to the end of the cephalo-thoracic seg-

ment, eight-jointed ; the first four joints are large, but the last four are

very small (fig. 20).

Antennae short and moderately stout ; secondary brancnes small and
three-jointed (fig. 21).

Mandibles robust, with a broadly truncate biting edge which is armed
with several small and somewhat irregular teeth

;
palp well developed,

two-branched, but the posterior branch is very small (fig. 22).

Second maxillipeds stout, and armed with a moderately strong ter-

minal claw (fig. 23).

First pair of thoracic feet stout ; the proximal joint of the inner

branches scarcely reach beyond the ends of the outer ones, second joint

small, the third is about twice the length of the second, while the second

and third together are scarcely equal to half the length of the first joint

;

the outer branches are composed of three sub-equal joints (fig. 24). The
second, third, and fourth pairs are slender and moderately elongated, and

the branches are all three-jointed ; figure 25, which represents the fourth

pair, shows that the inner branches are only slightly longer than the outer

ones.

The fifth pair are foliaceous, the basal joints being broadly sub-

triangular, and furnished with five moderately stout but not very long

setae on the somewhat rounded apex. The secondary joints are sub-

rotund, and scarcely reach beyond the apex of the basal joints ; they are

each provided with five setae of unequal lengths, the second and third,

counting from the inside, being considerably longer than the other three

(fig. 26).

The caudal furca are very short.

Habitat.—This species was obtained in some dredged material from

"Station VII., Firth of Forth (between Fidra and the Bass Rock), on

July 9th, 1901 ; it appears to be somewhat rare. No males were

observed.

Remarks.—The Stenhelia just described, and which I have referred to

Stenhelia hispida, G. S. Brady, while differing in a few particulars from

the species named, agrees very well with it in several important particu-

lars. The structure of the antennules, for example, is almost identical

with that of the antennules in Stenhelia hispida as described and figured

by Professor G. S. Brady, and the first and fifth pairs of feet are also

nearly alike in both.

Stenhelia confusa, T. Scott (sp. n.). PI. XXII., figs. 17-25.

Description of the Female.—Length about 9 ram. (about ^ of an

inch). Body moderately stout, tapering slightly towards the posterior

end ; rostrum prominent (fig. 17).

Antennules shorter than the cephalo-thoracic segment, moderately

stout, and composed of eight joints; the first, second, and end joints are

the longest, while the fifth and sixth are very small (fig. 18). The
approximate proportional lengths of the various joints are shown in the

formula

—

Proportional lengthslof the joints, . 22 . 14 . 8 . 6 . 3 . 4 . 7 . 14

Numbers of the joints, . . . 1. 2.3.4.5.6.7. 8

All the joints with the exception of the first are moderately setiferous.

The antennae are somewhat similar to those of Stenhelia ima, Brady

(fig. 19).

The mandibles are also somewhat similar to those of the same species,

but the branches of the mandible-palp appear to be shorter (fig. 20).
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The second niaxillipeds resemble the same organs in Stenhelia hispida,

G. S. Brady (fig. 21).

The first pair of thoracic feet are moderately stout, the inner branches

are about one and a half times the length of the outer branches, first

joint is equal to the entire length of the second and third, while the

second is equal to about two-thirds the length of the end joint ; the joints

of the outer branches are sub-equal (fig. 22).

The remaining three pairs of feet do not diff'er very materially from
the same appendages of Stenhelia ima, except that they are scarcely so

elongated (fig. 23).

The fifth pair is foliaceous, but comparatively short ; the secondary
joints do not extend much beyond the produced inner portion of the basal

joints, which in outline is broadly triangular, and furnished with three

set;e of unequal length on the bluntly rounded apex, while two dagger-

like spines spring from the inner margins ; the secondarj' joints are also

somewhat triangular, but they are rather narrower than the produced
inner portion of the basal joints ; the apex of the secondary joints, which
is somewhat truncate, bears three small setse, and three small hairs

spring from the outer margin (fig. 24).

Caudal furca slender, and about as long as the last abdominal segment
(fig. 25).

Habitat.—The species occurred very sparingly in some washings of

dredged material from Station III., Firth of Forth (to the east of Inch-

keith), collected on June 7th, 1901. ISTo males were observed.

Remarks.—This species resembles Stenhelia hirsuta, I. C. Thompson, in

some respects, and especially in the structure of the antennules, and in

the length of the caudal furca ; but in that species the inner branches of

the first pair of thoracic feet are long and slender, much more so than the

present form. The two species differ also in the form of the fifth pair.

And though the structure of the antennules of Stenhelia confusa bears a

certain resemblance to those of Stenhelia hirsuta, it differs very distinctly

in this as well as in some other respects from almost every other species

of the genus.

Ameira tenuicor7iis, T. Scott (sp. n.). PI. XXIV., figs. 1-9.

Description of the Female.—Length '67 mm. (about ^y of an inch).

Body moderately slender and sub-cylindrical ; rostrum small (fig. 1).

Antennules vslender and elongated, exceeding in length the cephalo-

thoracic segment, and composed of eight joints ; the first and second joints

are sub-equal ; the third and fourth are also sub-equal, but smaller than
the preceding joints (fig. 2). The approximate proportional lengths of

the various joints are shown by the formula. All the joints with the

exception of the first one are sparingly setiferous.

Proportional lengths of the joints, . 24 . 25 . 18 . 15 . 10 . 9 . 6 . 9

Number of the joints, 1. 2. 3. 4. 5.6.7.8
The antennae are very slender, and the secondary branches are small

and two-jointed, the end joint being the smallest (fig. .'}).

The mandibles are of moderate size, narrow-cylindrical, and obliquely

truncate at the apex, which is armed with a few minute spinules ; the

basal portion of the mandible-palp is small but slightly dilated, and
carries two branches ; the marginal branch is small and one-jointed and
furnished with a few setae ; the end joint is long and very slender, and
is minutely serrated at the extremity (fig. 4).

The second maxillipeds (posterior foot-jaws) are moderately stout and
armed with strong terminal claws (fig. 5).
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The first pair of thoracic feet are elongated and slender, and especially

the inner branches, the first joint being about as long as the entire length

of the outer branches ; the other joints are small, but the end one is

about twice the length of the penultimate joint (fig. 6). The following

three pairs have the outer branches long and slender ; the inner branches

are also slender, but they are shorter than the outer, as shown by the

figure (fig. 7) which represents one of the fourth pair.

The fifth pair are small and somewhat foliaceous, the basal joints are

sub-triangular and provided with about four seti« on the rounded apex.

The secondary joints are subovate, and the inner margins are fringed

with minute hairs, while one or two moderately long setre spring from the

apex, and one or two others from the outer margin (fig, 8).

Caudal furca shorter than the last abdominal segment (fig. 9).

Habitat.—Dredged at Station VI., Firth of ForUi (off St. Mouans), in

July 1901 ; only one_or two specimens were obtained, but no males were

observed.

Remarks.—This species is readily distinguished by the elongated

antennules and the long and slender first pair of feet ; it ditters in both

of these appendages from Ameira lo/Kj/pes, Boeck, as well as from the

other described species of Ameira known to me.

Ameira propinqua, T. Sc3tt (n. sp.). PI. XXIV., figs. 10-18.

Description'of the Female.—Length about -emm. (nearly -Jq- of an inch).

Body slender, sub-cylindrical, the cephalo-thoracic segment about equal

to the entire length of the next three segments, rostrum very small (fig.

10).

Antennules slender and rather longer than the cephalo-thoracic

segment, eight-jointed ; the secon-d joint is the longest, the first and third

are sub-equal and about two-thirds the length of the second; the

remaining joints are small (fig. 11). The formula shows approximately

the proportional lengths of the various joints :

—

Proportional lengths of the joints, 12 " 17 ' 12 ' 4 • 4 * 5 * 3 • 5

Numbers of the joints, • • 1" 2" 3'4*5'6*7'8

Antennae elongate and moderately stout, secondary branches small,

slender, and one-jointed (fig. 12).

]\Iandibles cylindrical and not very broad, the truncate apex is armed

with a stout spine on the outer angle and a few small spiniform seta?,, as

shown by the drawing (fig. 13). The mandible-palp is of moderate size,

the basal joint is provided with a single one-jointed and terminal

branch.

The second maxillipeds (posterior foot-jaws) are small but with well-

developed terminal claws, which are rather longer than the joints to

which they are articulated (fig. 14).

The first four pairs of thoracic feet are slender and elongated. In the

first pair the inner branches are narrow and considerably longer than the

outer branches, the length of the first joint is equal to that of the

second and third combined, but the second and third joints are sub-

equal in length ; a single small seta springs from the inner margins of

the first and second joints, while the end joints are provided with three

terminal hairs, the middle one being the longest. The outer branches,

Avhich are composed of three sub-equal joints, reach to a little beyond

the end of the first joint of the inner branches (fig. 15). The inner

branches of the next three pairs are considerably shorter than the outer

branches, which are slender and elongated (fig. 16). In all the four

pairs the outer and inner branches are three-jointed.
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lu the fifth pair the basal joints are broadly foliaceous and sub-

triangular in outline, with the apex truncate and provided with four

spiniform sette, the outermost of which is very small ; the secondary

joints are long, narrow, and cylindrical, being about four times longer

than broad, the extremity, which is obliquely truncate, carries several

setfe, the two inner ones being longer than the others (fig. 17).

The caudal furca are shorter than the last abdominal segment; the

fureal setfe are elongated (fig. 19).

Hahitat.—fitd.t\oi\ VE. (off St. Monans), Firth of Forth, dredged on

July 8th, 1901. The species is apparently very rare. (For drawings of

what may be the male of this species, see PI. XXII., figs. 36-42, and
PI. XXIIL, fig. 1.)

Remarks.—In some respects Ameira propinqua comes rather near to

Ameira longivemis, T. Scott, the fifth feet especially being very similar

to those of that species, as well as to those of Ameira longipes, Boeck,

but the structure of the antennules and of the first pair of feet separate

it distinctly from both the species named.

PseudotacMdws coronatus, T. Scott

1898. Pseitdotachidius coronatus, T. Scott, 16th Ann. Rept.

Fishery Board for Scot., pt. iii., p. 267, pi. xiii., figs. 12-26
;

pi. XV., figs. 1-4.

This distinct species has been olitained in a gathering of small

Crustacea dredged in Loch Etive in 55 to 65 fathoms on September
17th, 1901. Pseudotaclddlv-i coronatus has not previously been recorded

out of the Clyde district.

Pterinopsyllus insigms, G. S. Brady.

1868. Lophophorus insignis, G. S. Brady, Mon. Brit. Copep.,

vol. i., p. 122, pi. xiii., figs. 1-10. (See also o^). cif., vol. iii.,

p. 23, where the generic name is changed to Pterinopsijlhts,—" Lophophorus "being preoccupied.)

This fine species was obtained in the same gathering as the Pseudo-

tachidius just recorded, and appears to be the first record of it from the

West of Scotland. It has in previous years been obtained in the Firth

of Forth and the Moray Firth. Although Pterinopsyllus insignis and
Pseudotachidins coronatus have a general resemblance to one another

they may be readily distinguished by the difference in the lengths of the

antennules—those of the first-named species being distinctly longer

and more slender than in the other.

Mesochra macintoshi, T. and A. Scott.

1895. Mesochra macintoshi, T. and A. Scott, Ann. and Mag. Nat.

Hist., (6), vol. XV., p. 53, pi. vi., figs. 1-7.

Mesochra macintoshi, which was first observed amongst a number of

peculiarly slender copepods collected on the south shore of the Firth cjf

Forth near iSlusselburgh, has lately been obtained at Station VI. (ofT St.

Monans). It is apparently a rare species, but being one of those forms

which live upon the bottom it may from its small size be easily over-

looked.

Pseudomesoclira, T. Scott (gen. nov).

This genus is somewhat intermediate between Mesochra, Boeck, and

Cletodes, G. S. Brady. The antennules (anterior antennae) are composed
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of six joints. The secondary branches of the antennae (posterior antennse)

are small and two-jointed. Mandibles stout, mandible-palp well

developed and provided with two branches, Other mouth organs similar

to those in Mesoclira and Oletodes. The first four pairs of thoracic feet

have the outer branches three- and the inner branches all two-jointed.

Fifth somewhat rudimentary and composed of a single lamelliform joint.

Ovisacs apparently double.

Psetulomesochra differs from Mesoclira, Oletodes, and allied genera

chiefly in the structure of the mandible-palp and fifth pair of feet.

Pseudomesochra longifurcata, T. Scott (sp. nov.) PI. XXIV., figs. 27-35.

Description of the Female.—Length about •5mm. (J^ of an inch).

Body moderately stout, tapering slightly towards the posterior end
;

abdomen not distinct from thorax ; rostrum small ; caudal furca elongated,

being nearly equal to the entire length of the last three abdominal

segments (fig. 27).

Antennules short, moderately stout, and composed of six joints, the

first two and the last being each considerably longer than any of the

other three (fig. 28). The approximate proportional lengths of the

various joints are shown by the formula :

—

Proportional lengths of the joints, - 23 • 20 • 8 • 5 • 4 • 15

Numbers of the joints, - - - 1'2"3'4'5*6
The antennae are of moderate size ; secondary branches two-jointed and

provided with several marginal and terminal setae (fig. 2^. ^
Mandibles robust and having the biting end armed with several stout

teeth ; mandible-palp well developed and the basal part furnished with

two branches (fig. 30).

Second maxillipeds short and moderately stout, but the terminal

claw is rather feeble, and fringed with a few minute hairs (fig. 31).

The first four pairs of thoracic feet slender. In the first pair both

branches are about the same length ; the joints of the inner branches are

sub-equal, and a single seta springs from the inner margin and three from

the end of the second joint, the proximal joint appears to be unprovided

with setae or spines (fig. 32). In the second, third, and fourth pairs the

inner branches in each are rather shorter than the outer branches, and
the end joints somewhat longer than the proximal ones, and in these

three pairs of feet the inner branches are more setiferous than the inner

branches of the first pair (fig. 33). The fifth pair, which are small and

somewhat rudimentary, appear to be composed of a single lamelliform

joint, bearing three long apical setse (fig. 34).

Uahitat.—Upper Loch Etive, where it was dredged by the " Garland "

in over 60 fathoms on September 17th, 1901. It appears to be a rare

species, as only a single specimen (a female) was observed, but as the

species is a very small one it may be easily overlooked.

Leptopmitia, T. Scott (gen. nov.).

Body slender and cylindrical. Antennules (anterior antennae) seven-

jointed, slender. The secondary branches of the antennae are entirely

wanting or reduced to a single seta. Mandibles slender and moderately

elongate ; mandible-palp also slender and one-branched. Other mouth
organs somewhat as in Mesochra, Boeck. The first four pairs of thoracic

feet slender, outer branches three- and inner branches all two-jointed.

The inner branches of the first pair elongated—the end joint being the

shortest, the outer branches short, the inner branches of the other three

pairs very short, and the outer elongated. Fifth pair small, foliaceous,

two-branched ; secondary branches (or joints) minute.
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Leptopontia cwvicauda, T. Scott (sp, n.). PI. XXII., figs. 26-35.

Description of the Female.—Length •Gram, (about -^ of an inch).

Body slender, cylindrical ; cephalo-thoracic segment moderately short,

scarcely three times the length of the next one ; rostrum short (fig.

26).

The antennules are slender and longer than the cephalo-thoracic

segment, seven-jointed, the first joint is longer than any of the others, the

second and third are sub-equal, the fourth, fifth, and sixth joints are each

about half the length of the third, while the end joint is about twice the

length of the one next to it (fig. 27). The formula shows approximately

the proportional lengths of the diflferent joints :

—

Proportional lengths of the joints, - 28 • 18 • 17 ' 8 • 7 * 7 * 14

Numbers of the joints, - - - l-2'3'4-5'6'7

Antennse slender, consisting of two elongated joints ; the secondary

branches are represented by a single minute hair (fig. 28).

Mandibles slender and elongated, the biting end is obliquely

truncated and armed with a number of small teeth ; the mandible-palp

is also elongated, and one branched, the basal joint is moderately stout,

and about twice the length of the single-jointed branch, and is furnished

with a few small setae (fig. 29).

The posterior foot-jaws (fig. 30) are not unlike those of Tetragoniceps

inrertus, T. Scott. The inner branches of the first pair of thoracic feet are

slender, elongated, and. two-jointed, the end joint being only about one-third

the length of the other; the outer branches, which are three-jointed, are

scarcely half the length of the inner branches (fig. 31). In the second,

third, and fourth pairs the outer branches are long and slender, and three-

jointed ; the joints of the outer branches of the second. jDair are sub-equal

in length, but in the outer branches of the third and fourth pairs the first

and second joints are sub-equal and rather longer than the end joints.

The inner branches of the same three pairs are short and two-jointed

;

in the second pair the inner branches are rather longer than the first

joint of the outer branches ; but in the third and fourth pairs the inner

branches are shorter than the first joint of the outer branches, as shown
by the drawing (figs. 32, 33).

In the fifth pair the basal joints are moderately large and foliaceous,

the inner produced part is broadly rounded, and bears three apical setse,

and the secondary joints, which are very small, also carry three seta? (fig. 34).

The last abdominal segment is armed on the median dorsal aspect

with a backward-pointing tooth as shown in figures 26 and 35.

The caudal furca, which are nearly as long as the last abdominal
segment, become gradually attenuated towards the distal extremity ; and
in all the specimens that have been obtained the furca are distinctly

recurved as shown in the habitus drawing (fig. 1).

Habitat.—Dredged in the Firth of Forth at Station VI. (off St. Monans)
on July 8th, 1901 ; not very common.

Remarks.—Odd specimens of this species have been observed from
time to time for a considerable while past, but the first specimens were
put aside as being probably immature forms of some species already

described. I am now, however, convinced that they are distinct

Leptopontia in some respects resembles both Mesoclira, Boeck, and
Tetragoniceps, G. S. Brady, in its structural details, but in the absence
of a secondary branch to the antenna^, in the elongate and slender form of
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the mandibles, and the one-branched mandible-palp, it does not agree very
well with either of the genera named, which are its nearest allies.

LaofJionte similis (Claus).

This species was obtained in the same material with the last, collected

off St. Monans ; and it was also taken from the swinimerets of a Spider
Crab (Hyas arenarius) from the Bay of Nigg on May 23rd, 1901.

Laophonte curlicauda, Boeck.

Specimens of this species were obtained on several occasions on the

swimmerets of the common Shore Crab {Carcinus mainas)^ but whether
its occurrence on the swimmerets of the Crab was accidental or whether
the copepod is associated with the Crab as a commensal, is a question

that will require further research to determine. It may be mentioned,

however, the Laophonte was obtained as described on almost ever Crab
examined.

Normanella attenuata, A. Scott. PI. XXIII., figs. 2-4.

1896. Normanella attenuata, A. Scott, Kept, for 1895, on Lan-
cashire Sea-Fisheries Laboratory, p. 47, pi. iv., figs. 8-20.

This species, which was first discovered in a gathering collected one

mile off Spanish Head, Isle of Man, from a depth of 16 fathoms, is now
added to the fauna of the Firth of Forth ; it was obtained in dredged

material from Station VI. (off St. Monans), at a depth of about 10

fathoms. Normanella attenuata is a slender species, measuring about

a millimetre in length. The rostrum is very small ; the autennules are

slender, somewhat elongated, and nine-jointed. The outer branches of the

first four pairs of thoracic feet are all three-jointed, but the inner branches

of the first three pairs are two-jointed, while in the fourth pair the inner

branches, like the outer ones, are three-jointed. The inner branches of

the first pair, which are considerably longer than the outer ones, have the

end joints short (fig. 3), and armed at the apex with an elongate spine,

and two setae of unequal length. The inner branches of the second, third,

and fourth pairs are shorter than the elongate outer branches.

The fifth pair are broadly foliaceous and of moderate size, as shown
by the drawing (fig. 4),

In the female the first segment of the abdomen is larger than those

which follow, being composed of two coalescent joints, as shown by the

habitus figure (fig. 2).

In this species the thoracic portion of the body is rather shorter than

the abdomen, and gives to the animal a more than usually slender

appearance.

Though, from its occurrence in the Forth, Normanella attenuta would
appear to have a moderately extensive distribution, it does not seem to be

very common. This species differs from Normanella rhibia, Brady and
Robertson, in its general conformation, by its elongated antennules, and
by the form of the fifth pair of thoracic feet ; but it differs more
particularly in that the inner branches of the fourth pair are three-jointed.

In this respect it disagrees with the generic definition of Normanella,

and may for this, and perhaps one or two other reasons, require to be

removed to another genus.
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Cletodes longicaudata, Brady and Robertson. PI. XXIII., figs. 26-33.

1875. Cletodes longicmidata, Brady and Robertson, Brit. Assoc.

Rept., p. 196.

1880. Cletodes longicaudata, Brady, Mon. Brit. Copep., vol. iii.,

p. 92, pi. Ixxix., figs. 13-19.

A perfect specimen—a female with ova—was obtained in a gathering

from the west end of Station III., Firth of Forth, collected on June 7tli,

1901. As the species is somewhat rare I give a short description of it,

along with figures of some of the principal appendages. The female

specimen referred to measured about "84 mm. (-^^y of an inch) in length

from the forehead to the end of the caudal furca, but the caudal furea,

which are very long, are about equal to a fourth of the entire length of

the animal ; the rostrum is of moderate length (fig. 26).

The antennules are short, moderately stout, and composed of five

joints. Professor G. S. Brady describes the antennules of his specimen as

six-jointed, but this difference may be due to a slight local variation.

The fourth joint is very small and carries an asthetask or sensory

filament (fig. 27). The formula shows approximately the proportional

lengths of all the joints :

—

*

Proportional lengths of the joints, . 6 • 13 • 20 ' 4 '23
Numbers of the joints, . . .1'2'3*4'5

The antennfe (fig. 28) are of moderate size, but the secondary branches

are small and one-jointed.

In the first four pairs of thoracic feet, the outer branches, which are all

three-jointed, are all of them somewhat similar in structure ; the first joint

is slightly longer than the second, while the end joint is distinctly longer than

either of the other two; the marginal armature consists also of setae rather

than spines. The inner branches of all the four pairs are slender and
two-jointed, the first joints being very short. In the first pair the end

joints of the inner branches extend somewhat beyond the outer branches

and are furnished witli two long terminal setaj (fig. 29). In the second

pair the end joints of the inner branches are, like those of the first pair,

long and slender, but they do not reach to the extremity of the outer

branches ; they bear two long terminal setse (fig. 30). In the third and
fourth pairs, the inner branches are considerably shorter than the outer

and bear one sub-terminal and two apical setse (fig. 31).

The fifth pair are moderately large ; the secondary branches are

elongated, narrow-cylindrical, and about four times longer than broad

;

they are armed with two terminal and three strong marginal setae, as

shown in the figure ; the inner produced portion of the basal joint is

nearly as long as the secondary joint, and provided with three moderately
elongated setse near the distal end ; a long slender seta also springs from
the outer aspect of the basal as shown (fig. 32).

Cletodes longiratidata does not appear to be a very common species

anywhere, although it seems to be widely distributed.

Fultonia, T. Scott (gen. nov.).

This genus is somewhat like Cletodes, G. S. Brady, in general

appearance. The abdomen in not distinctly separated from the thorax.

The antennules are moderately short and composed of about eight joints.

The antennae are each furnished with a small secondary branch. The
mouth organs are similar to the same appendages in Cletodes. The
outer branches of the first four pairs of thoracic *3et are all three-jointed,

while the inner branches of the first pair are composed of two, and of the

second, third, and fourth pairs of three joints. The fifth pair are nearly

2 F
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as in Cletodes. Tlie copepods for which I have instituted this genus do

not correspond to any described form known to me. The genus is named
in compliment to Dr, T. Wemyss Fulton, Superintendent of the Scientific

Work of the Fishery Board for Scotland.

FuUonia hirsuta, T, Scott (sp. nov.). PI. XXIII., figs. 5-12.

Description of the Female.—Length about -63 mm. (^ of an inch).

Body somewhat slender and sub-cylindrical, the posterior margins of

abdominal segments fringed with short projecting hairs, which give to this

part of the animal a peculiarly hirsute appearance, caudal furca short,

rostrum small (fig. 5).

Antennules rather slender, and shorter than the cephalo-thoracic segment,

eight-jointed; the first three joints are moderately large, but the others are

short ; all the joints, with the exception of the first, are more or less

setiferous ; an elongated and slender asthetask springs from the upper
distal angle of the fourth joint (fig. 6). The approximate proportional

lengths of all the joints are shown by the formula

—

Proportional lengths of the joints, . 10 ' 14 • 11 • 6 ' 5 • 7 • 6 • 6

Numbers of the joints . . . .l'2-3'4'5'6"7'8
The antennae are similar to those of Cletodes ; the secondary branches

are very small, and one-joi;ated, and furnished with a single terminal

hair (fig. 7).

Mouth organs somewhat similar to those of Cletodes ; the second max-
illipeds, which are moderatelj^ elongated, are provided with long slender

terminal claws (fig. 8).

The thoracic feet are all moderately slender; the outer branches of the

first four pairs and the inner branches of the second, third, and fourth

pairs are all three-jointed, while the inner branches of the first pair are

only two-jointed. All the inner branches are short ; those of the first

pair are just about half the length of the outer branches and carry three

small terminal setse or spines (fig. 9). The inner branches of the

other three pairs are scarcely more than a third of the length of the outer

branches (fig. 10). The outer branches of the same three pairs are

rather more elongated than those of the first pair.

In the fifth pair the basal consists of a narrow plate articulated to the

last thoracic segment, and bearing one or two small marginal setae; the

exterior extremity of the basal joint is produced into a very narrow lobe

which forms the base of a small seta. The secondary joints are narrow

and sub-cylindrical, and about four times longer than broad, and
furnished with about half-a-dozen small marginal and terminal setse

(fig. 11).

Habitat.—^t&tion VI., Firth of Forth (oflT St. Monans), dredged

in 13 to 15 fathoms, on May 22nd, 1901.

Remarks.—This species somewhat resembles Cletodes irrasa, T. Scott,

in its hirsute appearance, but in that species the antennules are six-jointed,

the inner branches of all the first four pairs of thoracic feet are only two-

jointed, while the caudal furca are moderately long and slender. The
species does not resemble any described form known to me.

Nannopus palustris, G. S. Brady. PI. XXIII., figs. 13-25.

1880. Nannopus palustris, Brady, Mon. Brit. Copep., vol. ii.,

p. 101, pi. Ixxvii., figs. 18-20.

This curious and rather interesting copepod, which Professor G. S. Brady
discovered living in brackish water pools in a salt march at Seaton

Sluice, Northumberland, and which has subsequently been found in
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similar situations in various parts of tiie British Islands as well as on the

Continent, was during the preceding summer (1901) obtained near

Newburgh on the Ythan, Aberdeenshire. Both the males and females

of Nannopus palv^dris were obtained in the brackish water pools at this

Aberdeenshire Station, and as no description or drawing of the male has

yet, so far as I know, been published, the following notes on both of the

sexes may be of interest.

The body of the female seen from the dorsal aspect is moderately stout

anteriorly, but tapers gradually and evenly towards the posterior end

(fig, 13); the female specimen represented by the drawing measures

about "9 mm. (tjL. of an inch) in length.

The antennules, which are short and stout, are composed of five joint?;,

the penultimate joint being very small ; the last four joints are

densely setiferous, but the sensory filament (asthetask) which springs

from the end of the third joint is comparatively short and slender

(lig. 15).

The antennae are very small, though comparatively moderately stout

;

the secondary branch is small and one-jointed and provided with a few
apical setae (fig. 16).

The mandibles are moderately stout, their biting end is somewhat
truncate and provided with a few stout teeth ; the mandible-palp consists

of a one-jointed and somewhat dilated appendage articulated near the

base of the mandible and provided with a few short setse (fig. 17).

The second maxillipeds are small, the terminal claws are moderately

stout and carry a few minute hairs on their inner margins (fig. 18).

In the first four pairs of thoracic feet the outer branches, which are

moderately stout, are all three-jointed and armed with elongate

though somewhat slender spines on their outer margins; the inner branches

of the first, second, and third pairs are considerably shorter than the

outer, and each composed of two joints, but the inner branches of the

first pair are rather smaller than those of the second and third (fig. 19).

The inner branches of the fourth pair are rudimentary and consist of

a single minute joint which carries a very small and a moderately

elongated seta (fig. 20).

The fifth pair resemble somewhat closely the fifth pair in Enhydrosoma
ciirvaium, Brady and Robertson, the basal joint is very broad and short,

they form short lamelliform plates along the postero-ventral margin of

the last thoracic segment, four moderately stout plumose setae spring from

the edge of the inner half of each basal joint ; the secondary joints are

small and sub-rotund, and each furnished with five moderately long setae

round the distal margin (fig. 21).

The caudal furca are very short.

Description of the Male.—The male difi'ers little from the female except

in the following points ; it is, when seen from above, distinctly narrower

than the female, especially towards the anterior end (fig. 14). The anten-

nules are shorter and less prominent, the basal joints are also more
dilated, but the antennules taper quickly towards the distal end, the pen-

ultimate joint is considerably swollen and assumes a utricule-like form,

while the end joint is very small (fig. 23).

The mouth organs in the male appear to be very similar to those of the

female. The thoracic feet are also similar in both sexes, except that the

inner branches of the third pair are provided with a short but stout ter-

minal spine slightly hooked at the end, and a single plumose seta instead

of a moderately long slender spine and two plumose setae as in the third

pair in the female (fig. 24). The fifth pair in the male resemble those of

the female, except that the secondary joint appears to be almost obsolete
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(fig. 25) ; the appendages to the first abdominal segment in the male are

small and carry three setae—two moderately long and one short.

Dr. Eugene Canu has given a very full series of figures of the female,

but he refers to the male as being unknown.*

Dactylopus coronatus, T. Scott.

1894. Dactylopus coro7iatus, T. Scott, 12th Ann. Kept, of the

Fishery Board for Scot., pt. iii., p. 255, pi. ix., figs. 12-20.

This species was dredged off the N'orth Craig, Inchkeith, Firth of

Forth, in 8 fathoms, on July 4th, 1 901. The first specimens from which
the species were described were also obtained in the Firth of Forth, but
in the vicinity of the Bass Rock, near the mouth of the estuary. The
Firth of Forth appears to be the only Scottish locality where this

Dactylopus has been hitherto obtained.

Cylindropsyllus leevis, G. S. Brady.

1880. Cylindropsyllus loivis, G. S. Brady, Mon. Brit. Copep.,

vol. iii,, p. 30, pi. Ixxxiv., figs. 1-8.

A male specimen of this large and somewhat remarkable species was
obtained in some bottom material from Smith Bank, Moray Firth, on
February 15th, 1901.

MONSTRILLID.B,

The Family Monstrillidae is represented in the copepod fauna of our

seas from the English Channel to the Shetland Islands ; a few of the

species appear to be somewhat local in their distribution, while others are

co-extensive with the seas that surround our shores. The family com-
prises the two genera Monstrilla, Dana, and Thaumalens, Kroyer, and
both are represented in the marine fauna of Scotland. Specimens be-

longing to this curious group of copepods have been captured at odd
times in the Firth of Forth almost every year since 1888.t The first

specimens obtained were ascribed to Oymhasoma rigida, I. C. Thompson,
but they were shortly afterwards submitted to Mr. Gilbert C. Bourne,

who was preparing a revision of the various forms which had recently

been observed in the British seas, and his opinion of these specimens

from the Forth estuary was that they were identical with Monstrilla

helgolandica, Claus.J Other specimens have been obtained at odd times

which appeared to belong to the same species, and also one or two belong-

ing to a different species, and which were subsequently identified as the

true Monstrilla rigida of I. C. Thompson. Two apparently adult speci-

mens of a Monstrilla were obtained in some tow-net gatherings collected

by the "Garland " on the 24th of July, 1901, and as they seem to differ

from those previously mentioned as occurring in the Forth estuary, I

give here a short description of them—they appear to be identical with

the form described by Dr, Giesbrecht under the name of Monstrilla

longiremis.

Specimens of Monstrilla have also in recent years been obtained in the

Firth of Clyde, and though usually they have occurred very sparingly,

yet on one or two occasions large numbers have been obtained in a single

tow-net gathering. In a small gathering of material, in which there was

* Les Copep. du Boulonnais, p. 166, pi. iv., fig. 6-21 (1892).

t Annual Keport of the Fishery Board for Scotland, Part III., p. 316 (1889).

J Notes on the genus Monstrilla, Dana
; Quart. Journ. Micr. Sci., (2), vol. 30, p. 515

pi. XXX vii., figs. 14, 15 (1890).
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a good deal of fibrous matter, collected in Loch Fyne on September 2 9tli,

1899, over eighty specimens of Monstrilla were obtained, while in

another, collected' on the 28th of November, twenty-seven specimens

were found.* All these specimens, which appear to belong to the one

species, I have recorded as Monstrilla (?) dana', Claparede.t It may be

remarked, however, that Dr. Giesbrecht seems to think that the species

described by Claparede is not a Monstrilla, but should be placed in the

genus Thaumaleus.%

In a tow-net gathering collected in Lerwick Harbour in October

last year (1900), a specimen belonging to the group of copepods under

consideration was obtained, but owing to some doubt concerning its

identification it was left over for further examination. I now find that

this specimen belongs to the genus Thaumaleus of Kroyer, and a short

description of it follows that of Monstrilla.

But besides the specimens alluded to above, others have been obtained

in the Moray Firth, which have still to be examined ; but the study of

the group is a somewhat difficult one, and the more so as some of the

descriptions and figures of the earlier writers are sometimes wanting in

that fulness necessary for certain identification.

Monstrilla longiremis, Giesb. PL XXV., figs. 3, 4.

1892. Monstrilla longiremis, Giesbrecht, Pelagischen Copepoden

des Golfes von Neapel, p. 589, pi. 46, figs. 10, 14, 22, 37,

41.

The Monstrilla which I now record from the Firth of Forth was

obtained in a bottom tow-net gathering collected at Station V. (to the

west of May Island) on July 24th, 1901. The antennules (first antennee)

are moderately elongated, but with the exception of an articulation near

the base, the joints are very indistinct ; the setae were imperfect, and did

not show the branched structure exhibited in Dr. Giesbrecht's figure of

the antennule of Monstrilla longiremis. In the general form of the body

and of the thoracic appendages the Forth specimen agrees very well with

the species named. The abdomen consists of four segments, but the

articulation between the first and second is not very marked, the third

and fourth are short and distinct. The furca are of moderate size, and

ai-e each provided with five set?e as shown in the figure ; no trace of a

sixth seta could be observed.

The fifth feet consist each of a short, one-jointed sub-cylindrical branch,

the proximal half of which is somewhat delated interiorly ; each branch is

furnishcid with three apical setae, the inner one being much shorter than

the other two, and a fourth seta springs from the inner margin as shown

in the figure.

From these descriptive notes on this specimen from the Firth of Forth

there seems to be little doubt that it is identical with the species

described by Dr. Giesbrecht under the name of Monstrilla longiremis. The
Forth specimen certainly does not show the branching setae exhibited in

Dr. Giesbrecht's figure ; but this is not very surprising when it is remem-

bered how delicate these long branching setae are, and the friction they

may be subjected to while in the tow-net. The specimen I have described

is a female ; no male was observed.

* Eighteenth Annual Report of the Fishery Board for Scotland, Part III., pp. 398-99,

pi. xiii., figs. 15-20 (1890).

f This species has also recently been observed in a gathering from the Firth of Forth

collected at Station V. in 1901.

X Pelagischen Copepoden des Golfes von Neapel, p. 578 et $eq.
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Dr. Giesbrecht, in his great work on the Pelagic Copepoda of the Gulf
of Naples, seems to be in doubt as to whether the Forth specimens con-

sidered by Mr. Bourue as belonging to the Monstrilla helgolandica,

Glaus, can really be identical with that species, and is rather inclined to

ascribe them to his M. Jongiremis; the chief difficulty in the way of

accepting this conclusion, however, is that Bourne, in describing the

specimens, states that they possessed six furcal setae, whereas in M.
longiremis there are only five ; unfortunately the mounted preparations

from which the original description and figures w^ere prepared were acci-

dentally destroyed, and I am therefore unable to throw any light on the

subject; but the occurrence of the specimen of Monstrilla longiremis ]\ist

recorded seems to lend some support to the doubt expressed by Dr.

Giesbrecht. Moreover it is interesting to note that none of the species

mentioned by Mr. Bourue appear to have been provided with five furcal

setae, the number observed being either three or six.

Thaumaleus thompso?ii, Giesb. PL XXV., figs. 5, 6.

1892. Thaumaleus thomjisoni, Pelagischen Copepoden des Golfes

von Neapel, p. 584, pi. 46, figs. 7, 27, 31, 36, 40.

A male specimen of a Copepod, which is apparently identical with

Thaumaleus thompsoni, Giesbrecht, was obtained in a tow-net gathering

collected in Lerwick Harbour, Shetland, on October 15th, 1901. In the

male of this species the first of the two abdominal somites is shorter than

the second, while in the female the first abdominal segment is, according

to Dr. Giesbrecht, distinctly more dilated than the other. The caudal

furca in the male are each provided with three setae (fig. 5), but the

female, according to Giesbrecht, has four.

One of the more obvious differences between the genus Thaumaleus
and Monstrilla is that in the first the abdomen is composed of not more
than two segments, exclusive of the caudal furca, whereas in Monstrilla

the abdomen is composed of three, and sometimes of four, segments.

Moreover, in Thaumaleus the number of hairs on the caudal furca is

usually three or four, while Monstrilla, on the other hand, is provided with

five or six furcal setae.

LiCHOMOLGIDiE.

Lichomolgus furcillatus, Thorell.

This species was obtained in the washings of some dredged material

collected at the north end of Inchkeith on May 23rd, 1901.

Lichomolgus hirsutipes, T. Scott.

1893. Lichomolgus hi7'suti'pes, T. Scott, 11th Ann. Rept. of the

Fishery Board for Scotland, pt. iii., p. 206, pi. iv., figs.

1-12.

This was dredged off the North Craig, Firth of Forth, on July 4th,

1901 ; the species was described from specimens collected in the vicinity

of the Bass Rock at the mouth of the estuary in 1893 ; it appears to be
a rare species.

Pseudanthessius liber (Brady and Robertson).

1875. Lichomolgus liber, B. and R., Brit. Assoc. Report, p. 197.

This species was obtained in the same gathering with the last. It

appears to be a more common and more widely distributed species than

Lichomolgus hirsutipes.
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Pseudopsyllus, T. Scott (gen. nov.).

Somewhat like Glausia, Claparede, in general appearance ; the abdomen

scarcely distinct from the thorax ; antennules composed of six_ short but

stout joints. The antennae are somewhat similar to those of HersiUo'Jes,

Cmu. Second maxillipeds apparently two-jointed, and armed with ex-

tremely long and powerful terminal claws ; other mouth organs unknown.

The first four pairs of thoracic feet have both branches three-jointed as in

Hersiliodes. Fifth pair short, and composed of a single lameiliform joint.

Male unknown.

Fseudopsyllus elongatus, T. Scott (sp. nov.). PI. XXIV., figs. 36-42.

Description of the Female.—Length 1-4 mm. (^ of an inch). Body

elongate-narrow ; when viewed from above the anterior thoracic portion

is slightly broader than the abdomen, but the distinction between thorax

and abdomen is not very marked (fig. 36). The cephalo-thoracic segment

is about equal to the entire length of the next four; rostrum short.

Antennules very short and stout and composed of six sub-equal

joints ; moderately setiferous and provided with three sensory fila

ments—one on the fourth joint, one on the fifth, and one on the end

of the last joint (fig. 37). The formula shows approximately the lengths

of the different joints ;

—

Proportional lengths of the joints, 15 • 11 ' 9 12 • 10 • 13

Numbers of the joints, - 1 • 2 • 3 ' 4 • 5 • 6

The anteunfe are small but moderately stout, the first joint is the

largest, the second and third are small, while the fourth is nearly as long

as the second and third combined ; the exterior angle of the joint

extends forward to near the middle of the end joint and terminates in a

small spine ; the end joint seems, for the reason just stated, to arise from

slightly beneath the penultimate one, somewhat similar to the structure

of the same appendages in species of Hersiliodes (fig. 38).

The second maxiUipeds—the only mouth organs obtained—are robust

and armed with long and poAverful terminal claws (fig. 39).

The first four pairs of thoracic feet are stout, moderately elongated,

and with both branches three-jointed and of nearly equal length. In the

outer branches of the first pair (fig. 40) a stout and moderately long spine

springs from the outer distal angle of the first and second joints, while

the end joint carries three similar spines on the outer margin and apex

;

a plumose seta springs from the inner margin of the second joint, and five

from the inner margin and apex of the last joint ; the first and second

joints of the inner branches are each provided with one plumose seta on

the inner margin, while the end joint carries two marginal and two apical

setae, in addition an elongate spine which springs from its outer distal

angle. In the fourth pair the armature of the first and second

joints of the outer branches is similar to that of the first and second joints

of the outer branches of the first pair except that the marginal spines iivp.

not so elongated ; but the armature of the end joint differs from that of

the same end joint of the first pair in that it carries only one small spine

on the distal half of the outer margin and a moderately long but slender

sub-apical spine, while round the inner margin and apex there are six

instead of five plumose setae ; the armature of the inner branches ditt'ers

from that of the inner branches of the first pair, the second joint is pro-

vided with two setaj on its inner margin instead of one, while the end
joint bears only three apical setae, instead of four setae and an elongate

spine as in the first pair (fig. 41).
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The fifth pair consist each of a single one-jointed lamelliform branch,

sub-cylindrical in outline and fully twice as long as broad ; they are each

furnished with a single seta on the outer margin, while two setpe and a

small spine spring from the truncated apex—the spine being articulated

at the inner angle ; a seta also springs from the exterior angle of the last

thoracic segment, to which the fifth foot is articulated (fig. 42).

The caudal furca are moderately broad and nearly as long as the

last abdominal segment (fig, 36).

Habitat.—Dredged at Station VII., Firth of Forth (between Fidra
and the Bass Keck), on July 9th, 1901. Only a single female specimen
was observed.

Remarks.—The specimen described above has such a close general

resemblance to Clausia duthae, T. and A. Scott,* that it was at first

considered to belong to the same genus, but when closely examined it is

found to differ in several important points, i.e. the structure of the

antennae and the form and armature of the second maxillipeds. The
inner branches of the first four pairs of thoracic feet are all three-jointed,

and thus difi"er very distinctly from those of Clausia.

I do not know of any genus or species to which this copepod could

be ascribed.

AsTEROCHERIDiE.

Asterocheres violaceus (Claus).

This somewhat rare species was obtained in a bottom gathering collected

about 60 miles to the east of Shetland (or 180 miles north-east of

Buchan-ness), on May 22nd, 1901. This species has been taken by
my son, Mr. Andrew Scott, in the Irish Sea,t and it has also been obtained

in the Firth of Clyde.J

Rhynchomyzon purpurocinctum (T. Scott).

This distinct and widely distributed species was observed in some
material dredged at the north end of Inchkeith on May 23rd, 1901. The
specimens from which the species was described were also obtained in the

Firch of Forth, but nearer the mouth of the estuary. Rliynchomyzon

purpurocinctum, though widely distributed, is not very common, and
occurs only very sparingly.

Acontiophorue ornatus (Brady and Robertson).

1875. Ascomyzon ornatum, Brady and Robertson, Brit. Assoc.

Rept., 1875, p. 197.

1880. Acontiophorus armatus, G. S. Brady, Mon. Brit. Copep.,

vol. iii., p. 71, pi. Ixxxvii., figs. 8-15.

A few specimens of this fine species were obtained in the washings of

some dredged material collected near North Craig, Firth of Forth, on July

4th, 1901. This is the first time Acontiophorus ornatus has been observed

in the Firth of Forth. It is a moderately large species, being not only

robust in form bnt reaching a length of about one and a half

millimetres.

* Ann. and Mag. Nat. Hist., (6), vol. xviii., p. 1, pi. 1, figs. 1-12.

t Report for 1895 on the Lancashire Sea-Fisheries Laboratory, p. 54, pi. v., figs. 16-26
described under the name of Ascomyzon (hovipsoni), pub. 1896.

J Sixteenth Annual Report of the Fishery Board for Scotland. Part IIL, p. 270 (1898).
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Crihropontius Normani (Brady and Ilobertson).

1875. Di/sjwntius Normani, Brady and Robertson, Brit. Assoc.

Report (1875), p. 197.

1880. Ariotro^/ua Normani, G. S. Brady, INIon. Brit. Copep.,

vol. iii., p. 63, pi. xci., figs. 12-15; pi. xcii., fig. 14; pi. xciii.,

fig. 10.

1897. Bradypontius Normani, T. Scott, 15th Ann. Kept.

Fishery Board for Scotland, pt. iii., p. 154, pi. ii., figs. 1, 2;

pi. iii., figs. 1-11.

1899. Crihrojiontius Normani, Giesb., Die Asterocheriden des

Golfes von Neapel, p. 86, pi. 7, figs, 40-47.

This fine species was obtained in the same gathering with the one last

recorded, and is the first time it has been noticed in the Firth of Forth.

As will be observed from the synonymy, the genus-name has undergone

several changes. Moreover, the colour of the living specimens, as shown
by the drawings given in the 15th Annual Report of the Fishery Board

for Scotland, is somewhat singular, and more ornate than is usually met
with amongst the copepod-fauna of our seas ; unfortunately, however,

the bright colouration is very evanescent in specimens preserved in

alcohol.

Bradypontius magniceps (G. S. Brady).

1880. Artotroyus magniceps, Brady, Mon, Brit. Copep., vol. iii.,

p. 61, pi. xciii., figs. 1-9.

1895. Bradypontius magniceps, Giesb., Sub-fam., gen., and sp.

of the Copepod Fam. Ascomyzontidse, Thorell ; Ann. Mag.
Nat. Hist., (6), vol. 16, p.

This, which is also a moderately large species, was obtained in a

gathering of dredged material collected at the north-west end of Inch-

keith on ^Nlay 23rd, and in another gathering collected near North Craig

on July 4th, 1901 ; one or two of the female specimens obtained in the

last gathering were carrying ovisacs.

Bradypo?itius magniceps, though apparently widely distributed, is

not very common, very few specimens being found in any single

gathering.

Cancerilla tuhidata, Dalyell. PI. XXV., fig. 7.

1857. Cancerilla tuhidata, Dalyell, The Powers of the Creator,

vol. i., p. 233, pi. xxii., figs. 1-5.

1892. Cancerilla tuhulata, Canu, Les Copepod es du Boulonnais,

p. 255, pi. xxix., figs. 5-13.

A female specimen (fig. 7) of Cancerilla tuhidata was obtained in a

gathering of Crustacea collected in the deep water (60 fathoms) oflf Aber-

deen on August 2nd, 1901. The species, which appears to be rare in the

British seas, has been recorded by Mr I. C. Thompson from the Irish

Sea*, and Dr. Canu has described it in his work on the Copepods found

near Boulogne.t This is the first time I have met with it notwith-

standing that a careful look-out for it has been kept up for several

years.

In 1893, T. and A. Scott recorded Caligidium vagahundum, Claus,

from the Moray FirthJ. This copepod Canu in 1892 § and more

* Additions to th'e Copepoda of Liverpool Bay, Trans. L'pool Biol. Soc. , vol. ix. (1893)

p. 101.

t Les Copepodes du Boulonnais, p. 255, pi. xxix., figs. 5-13 (1892).

t Ann. and Mag. Nat. Hist., (6), vol, xii., p. 343 (October, 1893).

§ Les Copepodes du Boulonnais, p. 256,
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recently Giesbreclit* have described as the male of Gancerilla. There is

in some respects a similarity in the structure of Caligidium with that of

Gancerilla, but I am not sure that the relationship between the two has
been fully established. Dr. Edward Graeffe in his fauna of the Gulf
of Trieste retains Caligidium vagahundum, Claus, under its distinctive

name, without any reference to its sexual relationship with Gancerilla. t

Herpyllobiid^.

Salenskya tuherosa, Giard and Bonnier. PI. XXV., figs. 17-22.

1895. Saletiskya tuherosa, Giard and Bonnier, Contrib. a I'etude

des Epicarides ; Bull. Scient., vol. xxv., p. 472, pl. xiii.

A few specimens of this remarkable form were found fixed between the

thoracic \e^s of Ainpelisca spinipes, Boeck, dredged near North Craig,

Firth of Forth, on July 7th, 1901. They agree very closely with the

figure of Giard and Bonnier, who obtained a single female and three
" pygmy males " on a specimen of the same amphipod from Le Croisie.

The female (fig. 17) measures about "84 mm. (3^,- of an inch) in length,

and it is about as broad as long ; one or two of the females carried two
globular ovisacs, each one being nearly as large as the copepod itself.

No appendages are present.

What seem at first sight to be the males, but, as Hansen has shown
(Choniostomatidse, p. 19), are really the larvae—the adult males being

degenerate like the females—(fig. 18) measure about '15 mm.
(j^ of an

inch). The anterior segment of the body is comparatively greatly dilated,

the remaining segments are small. The antennules are very short, and
three (or four) jointed, and furnished with two terminal setae and a club-

shaped appendage represented in the figure (fig. 19). Two pairs of limbs

which represent the first and second maxillipeds are shown in figures 12
and 13.

My son, when dissecting the larvae, was able to make out two pairs of

thoracic feet ; each foot appeared to be composed of a two-jointed basal

part and a single one-jointed branch, which was armed with two small

spines on the exterior margin, and four plumose on the inner margin and
apex.

This description will be found to differ (possibly by reason of age)

from the character shown by Giard and Bonnier, and my figures show a

further difference in a greater segmentation of the hinder part of the

abdomen.
It is very probable that the parasite is congeneric, and quite possible

that it is identical with BJiiwrbina ampUsccB, Hansen, described from
Ampelisca hevigafa, Lilljeborg, by Hansen, in 1892 (Entomol. Med-
delelser, ii., pp. 207-234, pl. iii.), a memoir which I have not yet been

able to consult. J

Order OSTRACODA.

A considerable number of Ostracoda have been observed in the dredged
material examined during the year, but as they apparently all belong to

described species which for the most part are more or less generally dis-

tributed, I will only refer to the two following which appear to be some-

what rare.

* Fauna u. Flora d. Golfes u. Neapel, vol. xxv., Astrocheriden, pp. 95 and 112, pl. x.

figs. 1-11.

+ Fauna d. Golfes v. Triest, Arbeit, d Zooloq. Institute zu Wien, t. xiii., haft 1, p. 43

(1900).

_ X I desire to express my indebtedness to Prof. D'Arcy W. Thompson for the identifica-

tion of this interesting crustacean, as well as for other information concerning it.
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Sarsiella (I) capsida, Norman. PI. xxv., figs. 27-32,

Three specimens of an Ostracod—a Sarsiella—were obtained in some

sand collected about twenty-two miles to the north of the Shetland

Islands on May 17th, 1901. The sand had been for a time immersed in

formaline, and this may probably be the reason why the shells of these

specimens are comparatively soft and, when seen from the side (fig. 27),

show a somewhat even surface instead of being solid, and with the

surface more or less corrugated as seen in typical specimens (see Part IT.

of jNIonograph published by Professor G. S. Brady and the Rev.

A. M. Norman*).

The specimen represented by the drawing (fig. 27) is that of a

female, and the shell when seen from the side is somewhat obliquely rotun-

date, the length being rather greater than the height, and measuring about

1*2 mm. by "9 mm. respectively ; the produced posterior projection is finely

ciliated, the ventral margin is also fringed with delicate hairs. The
posterior end is slightly compressed and bounded by an indistinct ridge

which extends obliquely across from the dorsal to the ventral margins.

The surface of the shell is not rugose as in the typical Sarsiella capsida,

])ut is ornamented with numerous minute pits.

In the dorsal view of the shell given in figure 28, the valves are open to

some extent on the ventral aspect ; this was due to the soft structure of

the shell (the shell could not be mounted dry in the usual way, but had to

be kept in water under a cover-glass while being figured).

The various appendages of the contained animal resemble the drawings

given in the Monograph by Brady and Norman already referred to.

The secondary appendages of the antennae are rudimentary. Each
consists of a rounded tubercle bearing two small spiniferous setfe (fig. 30a).

The caudal lamina is provided with six spines on the one side, but only

five on the other ; on this side there is no trace of a sixth spine, nor any

indication that a sixth had been present but had been broken off.

In this specimen two ova were observed.

The shell of the male differed little, if at all, from that of the female,

except that it was slightly smaller. The appendages also appeared to be

similar, except that the secondary branches of the antennte were, as in

closely allied species, more developed and fitted for grasping, and that the

caudal lamina was only provided with five spines on both sides.

The first joint of the autennules in the male is rather longer than the

next, and the second, third, and fourth joints gradually decrease in

length, the fifth joint is almost obsolete, so much so that it is difficult to

make out whether there is really a fifth joint or not. There are no
setse on the first joint ; the second joint is furnished with a small seta

near the middle of the upper margin, and another on its lower and its

upper distal angles ; the third joint bears one seta on the upper and two
on the lower distal angles, while the fourth and (1) fifth joints carry

several terminal setje as shown in the drawing (fig. 29) ; some of these

hairs have an annulated structure, but this is not shown in the drawing.

The antennae of the male are provided with a number of long

plumose sette, and the secondary branches, though somewhat rudimentary

(fig. 30), are moderately elongated and are apparently four-jointed—the

two middle joints being very small ; there is also a minute terminal

appendage.

The first maxillae (fig. 31) are similar to those of the female in structure

and armature.

* A Monograph of the Marine and Fresh-water Ostracoda of the North Atlantic and of

North-western Europe, Part II., Sci. Trans. Roy. Dublin Soc, vol. v, ser. ii. (January,

1896), p. 677, pi. Ix., figs. 1-4, 18.
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The caudal lamina of the male appears to have only five spines on both
sides (fig. 32), no trace of a sixth could be observed.

The male described and figured here does not agree with Nematohamma
obliqua, Brady and Norman, the structm-e of the antennse and of the

secondary branches of the antenuules differs considerably from that of the

same appendages in N. ohliqua.

No male of Sarsiella capsula appears to have been described hitherto.

Conehcecea elegans, G. 0. Sars. PI. xxy., fig. 33.

A specimen of this species was dredged ISO miles north-east from
Buchan-ness (about sixty miles to the east of the Shetland Islands) on
May 22nd, 1901. Another specimen was obtained in the stomach of a

whiting captured in 65 fathoms about 10 miles off Aberdeen on the 19th
of the same month.

Order BRANCHIOPODA.

POLYPHEMEDiE.

Genus Poclon.

Three species of Podon have been described from the North Sea viz.

Podon polypliemoides, Leuckart, Podon leucJcartii, G. 0. Sars, and Podon
intermedius, Lilljeborg, and two of these—the first and the third—have
sometimes been included in lists of British Crustacea ; there is a proba-

bility, however, that Podon leuckartii has sometimes been mistaken for

P. polyphemoides, and as I have, with the assistance of Professor Lillje-

borg's great work on Swedish Cladocera recently published, been enabled to

recognise Podon leucliartii in some toAv-net gatherings from the Firth of

Forth and also from the Moray Firth, I will here indicate what seem to

be the more obvious differences between this species and Podon inter-

medius, which is occasionally observed in the Firth of Clyde, and
between both of these and Podon polyphemoides.

Podon leuckartii (G. 0. Sars). PI. XXV., figs. 23, 24.

The specimen represented by the drawing measures about a millimetre

in length. The lower branches of the antennae are composed of three, the

upper of four joints as in the other two species referred to above ; the

joints of the lower branches are sub-equal in length, and the first two bear

each one and the last four terminal setae, the first joint of the upper
branches is very small, but other three are larger and sub-equal in length,

and are provided with the same number of sette as the lower branches
(fig. 24).

The caudal spines are strong and slightly curved, and are rather longer

than the caudal spines of Podon intermedius.

Habitat.—Firth of Forth and the Moray Firth.

The species does not appear to be rare on the east of Scotland : it has

probably been mistaken for Podon polyphemoides.

Podon intermedius, Lilljeborg. PI. XXV., figs. 25, 26.

1853. Podon intermedius, Lilljeborg, De Crust, ex ordinibus

tribus : Cladocera, Ostrocoda, Copepoda, in Scania occurr., sec.

ii. ; da Crust. Marina, Ord. Clad., p. 161.

The specimen represented by the drawing measures about 1 '5 mm. The
antennae (second antennae) are somewhat similar in structure to those
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of PoJon huckartii, and the lower branches are i)rovideJ with the same
number of seta? ; but the upper branches differ in being furnished with an
additional seta on the penultimate joint—one of the seta! springs from the

middle of the joint and the other from its distal end—this branch, there-

fore, carries seven instead of six seta? (fig. 26).

The caudal spines are moderately stout, and straight, but smaller than

those of Podon leucliartii (fig. 25).

Habitat.—Firth of Clyde, not very rare. It may be readily dis-

tinguished from PoiJon leucliartii by having an additional seta on the

upper branches of the antenme and by the caudal spines being smaller

and straight.

Pndon pohjphemoides, Leuckart—a species considerably smaller than
the other two—is, like Podon intermedius, provided with seven setse on
the upper branches of the antennse, but the end joints of both branches
are distinctly shorter than the preceding joints ; the supplementary seta

on the penultimate joint of the upper branches springs from near the
distal end instead of near the middle of the joint. The caudal spines

are also smaller. Probably Podon leuckartii has sometimes been
mistaken for this species.*

Order EDRIOPHTHALMA.

Sub-Order AMPHIPODA.

Many species belonging to the Amphipoda have been observed in tow-

net gatherings, in dredged material, and in the stomachs of fishes

examined during the past year, but only some of the rare forms are

recorded here.

PONTOPORBIlDiE.

Bathyporela norvegica, G. 0. Sars, occurred in a tow-net gathering

collected in Aberdeen Bay on September 4tli, 1901. Argissa hamatipes

(Norman) was also observed in some of the gatherings collected off Aber-

deen during the past year.

PHOXOCEPHALIDiE.

The only species belonging to this family which may be noted is the

Phoxocephahis oculatus, G. 0. Sars ; it was obtained in a tow-net

gathering collected about 22 miles to the north of the Shetland Islands on

May 17th, 1901.

Ampeliscid^.

Several species of the Ampeliscidse have been observed, not only in

gatherings collected with the tow-nets and dredge, but also in the

stomachs of fishes, with whom they appear to be a favourite kind of

food. The following species were observed :

—

Ampelisca macrocephala

has occurred in gatherings from the Firth of Forth, from ofi' Aberdeen,

and from the Shetland district. Ampelisca assimilis has been obtained

in gatherings and in fishes' stomachs from the Firth of Forth and
Collieston, Aberdeenshire. Ampeli>ica spinipes was obtained in

dredgiugs from the Firth of Forth (with parasites attached) and in the

* All the three species of Podon mentioned above have recently been obtained in some
tow-net gatherings from the Firth of Clyde collected for the most pa:t in April and May
and in July and August 1901 ; /'. kuchartii was obtained in the spring gatherings, bat not

in those collected later ; while tlie other two species were observed in these later gather-

ings only.
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stomachs of fishes. Ampelisca hrevicornis (A. Costa), occurred in fishes'

stomachs from the Shetland district and the Firth of Forth ; and Haploops
tuhicola was also obtained in the Forth estuary and off Aberdeen.

Stbgocephalid^.

Stegocephaloides (1) christianiensis (Boeck). PI. XXV., figs. 34-40.

Stegocephaloides christianiensis has again been observed in Loch Fyne,

where it appears to be generally, though sparingly, distributed. Three
specimens of what seems to be a variety of this species was dredged by
the " Garland " in the Soundof Mull in 72 fathoms on March 31st, 1900.

The fourth pair of coxal plates in these specimens are scarcely so broad
in proportion to their length as in the typical forms (fig. 34). The
basal joints of the last pereiopods do ^not terminate so acutely, but have
the ends slightly rounded (fig. 38). The last epimeral plates of the

metasome do not appear to be minutely notched on the low distal angles

(fig. 39) ; and the telson seems to be slightly broader in proportion to

its length (fig. 40). The other parts are similar to those of Stegocepha-

loides christianiensis.

AMPHILOCHIDiE.

The somewhat rare Amphilochus ten^iimanus, Boeck, was obtained in

the stomach of a small Whiting from Station III., Firth of Forth, in

April. Amphilochoides interiuedius was dredged at the same station on

May 25th. Gitana sarsii, Boeck, was also obtained in this gathering,

along with a few other species noticed in the sequel.

Metopid^.

Metopa pusilla, G. 0. Sars, was obtained in some dredged material

from the west end of Station III. collected in May, and in similar

material from Stations V, and VII. collected in April—all from the

Firth of Forth. Metopa pollcdana was obtained in gatherings collected

off Aberdeen and to the east of the Shetland Islands ; it was also

dredged at the west end of Station III,, Firth of Forth, on May 23rd,

1901, and Sthenometopa (Metojja) robusta (G. 0. Sars) was also obtained

in the same gathering, as well as off the North Graig—also in the Firth

of Forth—in 8 fathoms, in July.

Dexaminid^.

The somewhat rare Guernia coalita (Norman) has been dredged in the

Firth of Forth, where it has been previously observed ; it was also

dredged at Smith Bank in the Moray Firth, in 24 fathoms, on February

15th, and in Loch Linnhe in 48 fathoms on September 12th, 1901.

Gammarid^.

Mcera loveni (Bruzel.) was obtained in the stomach of a Witch-sole,

Pleuronectes cynoglossus, captured at Station V., Firth of Forth, by the

"Garland " on June 28th, 1901 ; this is one of the rarer species in the

Firth estuary. Megaluropus agilis, Norman, was obtained in gatherings

of dredged material from Stations IV. and V., Firth of Forth, on the

22nd and 24th April ; while Cheiroccrates sundevalli (Rathke) and

Cheiroccratts assimilis (Lilljeborg) were dredged at the north-west end of

Inchkeitb, Firth of Forth, on May 23rd, 1901.
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LlLLJEBORGIID^.

Lilljphorgia kinalumi (Bate) occurred in some dredged material collected

at Stations III. and VI., Firth of Forth, in May and June ; the species

appears to be somewhat rare in the Firth of Forth.

PHOTID.E.

The following species belonging to this family were observed during

the year. Leptocheirus pilosus, Zaddach, was dredged at the north-west

end of Inchkeith on May 23rd. (This is the form described by G. 0.

Sars, having a six-jointed accessory appendage to the antennules.)

Protomedeia fasciata, Kriiyer, was obtained on several occasions in the

stomachs of fishes.

Megami^liojmii cnrnutus, Norman, was dredged at Smith Bank, Moray
Firth, on February 15tli, and also at Stations III. and V., Firth of

Forth, in April and ^lay, 1901 ; it was also observed in the stomachs of

small Whiting captured off Aberdeen on September 3rd.

COROPHIID^.

I record two species belonging to this family. Corophium qfline,

Bruzelius, a male specimen, was obtained in the stomach of a small

Whiting collected about ten miles off Aberdeen, in 55 to 60 fathoms, on

September 3rd, 1901. Unciola planipes, Norman, was obtained in 78

fathoms about 110 miles north-east of Buchan-ness on May 15th, 1901.

DULICHIIDiE.

Three species of DuUchia have during the past year been obtained in

the Firth of Forth. DuHchia j)orrecta, Bate, was dredged at the west

end of Station III. on May 23rd, and DuHchia falcata, Bate, at Station

V. on April 24th. DuHchia monacantha, IMetzger, which is new to the

crustacean fauna of the Forth, was obtained in dredged material from

Stations V. and VII. in April ; all three species have also been observed

in stomachs of fishes examined during the year.

Sub-Order ISOPODA.

Typhlotanais hrevicornis (Lilljeborg). This minute isopod, which is

only about 1-5 mm., was dredged in 50 to 55 fathoms, about 14 miles off

Buckie, on November 3rd, 1900. So far as I know, this is the first

representative of the geuus Typhlotanais which has been recorded from
the British seas.

Idothea granulosa, Eathke. PI. XXV., fig. 41.

Two specimens of a small LJofhea captured in the Bay of Nigg on
March 23rd, 1901, agree with the Idothea granulosa of Eathke, as

figured in Sars' Isopoda of Norway. The specimen represented by
the drawing is a female with ova, and measures about 12-7 mm. (^ an
inch) in length.

Sub-Order SYMPODA.

The following, amongst other species belonging to this sub-order, have
been observed :

—

Iphinoe serrata, Norman, was obtained in a gathering

collected to the east of Shetland on the 15th of May. Diastylis rostrata
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and lucifera were dredged at Station V., Firth of Forth, in April, the one

on the 24th and the other on the 26th. Diastylis tuviida, Lilljeborg,

was obtained in a bottom tow-net gathering from 60 fathoms, about ten

miles ofl Aberdeen, collected on August 21st, and Fseudocuma similis,

G. 0. Sars, was dredged at Smith Bank, Moray Firth, on February
15th, and at Station V., Firth of Forth, on April 24th ; this is an

addition to the crustacean fauna of the Forth. The two species belong-

ing to the Cumellidai, Gumella pygnicea, G. O. Sars, and Nannastacus
unguiculatus, Bate, were obtained in some bottom mud brought up in a

tow-net about 22 miles to the north of the Shetland Islands on May 17th.

Cumella was also observed in a gathering collected in Uyea Sound between

Unst and Uyea Island on the 18th, and also in some dredged material

from the west end of Station VI., Firth of Forth, collected on the 22nd
of the same month. In this last gathering the somewhat rare but widely

distributed Fseudocuma pulcheJla, G. 0. Sars, was also obtained.

Order PODOPHTHALMA.

Sub-Order SCHIZOPODA.

In the gatherings forwarded by the " Garland " from the Firth of

Forth during the past year, the schizopod Erythrops goesii was, as

usual, of frequent occurrence. Previous to the investigations instituted

by the Fishery Board this species had not been recognised as a member
of the British fauna. Erythrops elegans, G. O. Sars, has also been

obtained in the Forth estuary during the past year, and the curious

copepod-parasite Aspidoecia normani, Giard and Bounier, was found

adhering to a specimen of both Erythro])s elegans and goesii. Siriella

armata (M. Edw.) was obtained in the Firth of Forth in a bottom tow-

net gathering from Station IV. collected on April 22nd, and Siriella

crassipes in a gathering from Station V. collected on April 24th.

Mysidopsis angusta, G. 0. Sars, was obtained in the same gathering with

Siriella crassipes, and in a gathering from Smith Bank, Moray Firth.

Rhoda raschii (M. Sars) was, as usual, frequent in many of the gatherings

forwarded to the Laboratory. It will be observed that the Eev. Mr.

Stebbing has restored Mr. Sim's generic name Rhoda for the group to

which this species belongs.*

Sub-Order MACRURA.

Pasiphcea sivado (Kisso) was obtained in 95 fathoms in Loch Linnhe

on April 2nd, 1900, but the tow-net gathering in which it occurred was

not examined till the following March. A specimen of Pandalus

montagui (with Phryxus {f) ahdominalis attached) was found in a gather-

ing from Station III., Firth of Forth, collected on May 9th. A specimen

of Spirontocaris securifrons, Norman, which also had a Phryxus (1)

ahdominalis attached to its abdomen, occurred in a bottom tow-net

gathering collected in 78 fathoms, 110 miles north-east of Buchan-ne?s, on

May 15th, while Spirontocaris jmsiola, with what appeared to be the

same species of parasite, was obtained in a gathering collected in the Forth

to the west of Queensferry on April 26th. Crangon (Cheraphilus) nanus

was obtained at Station V. on April 26th, and Calocaris macandrece was

obtained at the same station as well as at Station III. ; this Macrurid

* Arctic Crustacea : Bruce Collection, by the Rev. T. R. R. Stebbing, Ann. and Mag-
Nat. TIis:f. (7), vol. V. (Jany. 1900), p. 10.
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was found in tlie stomachs of the Long-rough Dab and the Witch Sule

as well as amongst the contents of the small-mesh trawl-net. The

Trachelifer stage of Jaxea nocfurna, Nardo, was collected in abundance

in the surface tow-net in Tobermory Bay, Sound of ]\Iull, after dark, on

September 9th, 1901. The same organism has lately been recorded by

my son from the Barrow Channel, near Barrow-in-Furness.t The occur-

rence of Trachelifer at three different places seems to indicate a somewhat

extended distributioii for this crustacean.

Additional Note.

Cancerina confusa, T. Scott, 19tli Ann. Rept. of the Fishery Board for

Scotland, pt. iii., p. 252, pi. xviii. figs. 12-20.

The copepod described under this name is identical svith Selioides

holhroei, Levinsen (Viden.sk Meddel. Naturh. Forening Kjcibenhaven.

1878, p. 373, Crud. Copep. parasit.) ; see also Seloides, op. n't. (1877).

This copepod is said to be parasitic on Ilarmothoe imbricata (Lin.).

A marked peculiarity in this copepod is the position occupied by the

ovisacs, as shown by the drawing in the Report of the Fishery Board for

Scotland mentioned above. I have to thank the Rev. A. M. Norman for

drawing my attention to the paper by Levinsen, and also for permitting

me to examine the specimens he had received from that author.

Eurynotus insolens, T. and A. Scott, Ann. and Mag. Nat. Hist. (7), vol.

i., p. 188 (1898); and Eurynotopsyllus insolens, T. Scott,

19th Ann. Rept. of the Fishery Board for Scotland, pt. iii.,

p. 256.

I am obliged to Dr. Steuer of Trieste for pointing out to me that this

species is probably identical with Eunicicola Clausii, Kurz.—a parasite

on a species of Eunice—one of the Annelida,

t Fifteenth Annual Report of the L.M.B.C, 1901, p. 13.

EXPLANATION OF THE PLATES.

PLATE XXII.

Metriflifi loiKja (Lubbnrk).

Fig. 1. Female, dorsal view
Fig. 2. Male, dorsal view
Fig. 3. Foot of fifth pair, female
Fig. 4. Foot of fifth pair, male .

Diam.

X 18(!.

X -IX

Phiinina, znt/nndirit, sp. ii.

Fig. 5. Male, dorsal view
Fig. 6. Foot of fifth pair
Fig. 7 Terminal part of fifth pair of feet

Xanthocrthtnns (?) liorealix, G. 0. Sars.

Fig. 8. Female, dorsal view
Fig. 9. Foot of fifth pair

2g

X 18-0.

X 11,-..
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Ectinosoma mefaniceps, Boeck,

Fig. 10. Female, side view
Fig. 11. Antennule
Fig. 12. Mandible and palp
Fig. 13. First maxilliped
Fig. 14. Second maxilliped
Fig. 15. Foot of fifth pail-

Fig. 16. Part of abdomen and caudal furca

Sfenhelia ronfu-m, ,sp. n.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

17.

18.

19.

20.

21.

22.

23!

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Female, side view
Antennule
Antenna .

Mandible and palp
Second maxilliped
Foot of first pair

Foot of foui'th pair

Foot of fifth pair

Part of abdomen and caudal furca

Lejjfopontia curvicanda, nov. gen. et sp.

Female, side view
Antennule
Antenna .

Mandible and palp
Second maxilliiied

Foot of first pair

Foot of second pair

Foot of fourth pair

Foot of fifth pair

Part of abdomen and caudal furca

Ameira propinquca, sp. n.

36. Male, side view .

37. Antennule, male .

38. Antenna .

39. Mandible and palp
40. Foot of first pair
41. Foot of third pair
42. Part of abdomen and caudal furca

X
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N(tnnopus palaxtrin, Biaily.

Fig.
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Steiihelia his^^ida, Brady.

Fig. 19. Female, side view
Fig. 20. Antennule
Fig. 21. Antenna .

Fig. 22. Mandible and palp
Fig. 23. Second maxilliped
Fig. 24. Foot of first pair
Fig. 25. Foot of fourth pair
Fig. 26. Foot of fiftli pair and appendage to first abdominal segments

X 51.

X 175.

X 262.

X 420.

X 350.

X 175.

X 175.

X 175.

P-sendo7He.sor/iiu longijitrcattt, nov. gen. et sp.

Fig. 27. Female, side view-

Fig. 28. Antennnle
Fig. 29. Antenna .

Fig. 30. Mandible and palp
Fig. 31. Second maxilliped
Fig. 32. Foot of first pair

Fig. 33. Foot of fourth pair

Fig. 34. Foot of fifth pair

Fig. S.*). Part of abdomen and caudal fur
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P/ali/psi/l/Kx minor, T. fScolt, geii. et. sp. u.

Fig.

Fij,'.

Fig.

Fig.

Fig.

iig.

Fig.

Fi-.

Fig.

Fiii.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

lo. Female, rlorsal view
16. Siphon

Salens/ci/u tiiherosa, Cliard and Boiniier.

17. Female, dorsal view
IS. Male, doi'sal view
10. AnteiHude
'20. First iiiaxillipc'd

21. Second maxilliped
22. Foot of second pair

Podoic (cwkarlii, (J. 0. Sars.

23. Female, side view
24. Anteinia .

Podon iidtrmtdiwi, Lilljeburg.

2o. Female, side view . . . .

26. Antenna......
Sarsidla (?) capsulu, Norman.

27. Female, side view ....
28. Female, dorsal view ....
29. Antennule, male.....
30. Antenna ,, .

30a. Secondary- appendage of antenna, female
31. First maxilla, male ....
32. Fost-abdomen, male ....

Fig. 33. Side view

ConchiL'da eleijana, G. 0. Sars.

Stegocephaloides christiatdeim-s, Boeck.

(greatly

485

X 34.

enlarged).

X 35.

235.

- 1050.

X 788.

X 787.

X1050.

X ,38.

X 62.

X 38.

X 62.

X 38.

X 38.

X 77.

X 77.

(greatly enlai'ged).

X 154.

. X 77.

X 34.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fi-.

Fit

34. Female, side view, .slightly innnature
35. Antennule
36. Antenna....
37. First gnathopod .

38. Seventh pereiopod
39. Last epimeral plate of metasome
40. Telson ....

Idolheu (jraaulosa, Rathke.

41. Female, dorsal view
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IX.-OBSEKYATIONS ON THE FOOD OF FISHES.

By Thomas Scott, F.L.S., Mem. Soc. Zuol. de France.

The observations contained in the present paper refer chiefly to the
food of small or immature fishes, but reference to a few large gadoids,

congers, and others are also included. It may be explained that during
the past two or three years my attention has, to some extent, been
devoted to the investigation of the ecto- and ento-parasites of fishes, and
in connection with this it was generally found necessary that an examina-
tion should be made of the stomachs as well as of the other parts of the
fishes which had been handed over to me for that purpose, and
frequently while a search was being made for Entozoa separate notes of

the food observed in the stomachs were also taken. In this way, as well

as by the examination of fishes set apart for the special purposes of this

paper, a considerable number of notes on the food of fishes have been
collected.

The number of fishes dealt with in this paper reaches to considerably
over two thousand, and includes representatives of fifty-six species and
thirty-seven genera.* Their names are as follow.

The names of the fishes whose food is described in the following

pages :

—

Sebastes norveyicus (Ascan.).

Cothts scorpius, Lin.

Trigla piiii, Bloch.

,, lucerna, Lin.

„ gurnardus, Lin.

Agonus catapliradus, Lin.

Lophius piscatorius, Lin.

Trachinus vip)era, Cuv.
Scomber sconibrus, Lin.

Garanx traclmrus, Lin.

Gobius minutus, Gmel.
CaUionymus lyra, Lin.

,, maculatus (Bonapart).

Cydopteruii lumpu^, Lin.

Anarrhiclias lupus, Lin.

Pholh gunnellua, Lin.

Macrurus hevU, Lowe.
Enclielyopus {Zoarces) ciciparm, L.

Lumpenus lampretiformiif (Walb.).

Atlierina presbyter, Cuv.
Mugil chelo, Cuv.
Gasfewsteus andeatus, Liu.

Gastrcea spinarliia (Lin.).

Gadus ccdlarius, Lin.

,, teglejinus, Lin.

„ luscus, Lin.

„ esmarkii, Nilsson.

,, merJangus, Lin.

The Norway Haddock.
The Sea Scorpion.

The Eed Gurnard.

The Sapphirine Gurnard.

The Grey Gurnard.

The Pogge.

The Angler-fish.

The Lesser Weaver.

The Mackerel.

The Horse-mackerel.

The Speckled Goby.
The Common Dragonet.

The Spotted Dragonet.

The Lumpsucker.

The Cat-fish.

The Butter-fish.

The Viviparous Blenny.

The Sharp-tailed Lumpenus.
The Sand Smelt.

The Grey Mullet.

The Three-spined Stickleback.

The Fifteen-spined Stickleback.

The Cod-fish.

The Haddock.
The Whiting Pout or Brassie.

The Norway Pout.

The Wh-tiug.
* Besides the fishes dealt with here, a large number of others were examiaed, but have

been excluded because their stomachs were either empty or contained matter that could
not be identified.
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Gadus riven.", Lin.

^ „ pollacliiu>i, Lin.

Molua nioira, Lin.

Ono^ mustela, Lin.

A mmodijfes lanreo/atus, Le Sauvage.

J)re/)anoj»ti'ffa plcdfe-^.^/ddef (Fabr.).

Leiddorlwiidnis icliif (Walb.).

Plafojdiri/s laferna (Walb.).

Pleuronedes platessa, Lin.

„ mirwce^dia/uf, Dono-
van.

,, limanda, Liu.

,, Hesus, Lin.

iSo/ea rulgan'x, Quensel.

An/etdma .^phyw'na, Lin.

Clupea hareni/iis, Lin.

,, xj^rcdtux, Lin.

„ cdom.^ Lin.

,, finfa, Cuv,

Auyidlla vid(jaris, Cuv.
Con(/er nvjer (Risso).

>Sijn(/nafhiix acu^ (Lin.).

Nerophix irquoreu^ (Lin.).

Raid Jicdif, Lin.

„ fullonira, Lin.

,, riaccda, Rond.

., radicda, Donovan.

„ (djriUari^, Couch.

Lmnna cormdnca, Cuv.

The Saithe or Coal-fish.

The Pollack or Lythe.
The Ling.

The Five-bearded Rockling.
The Greater Sand Eel.

The Long Rough Dab.
The Sail-Fluke or Whiff.

The Scald-fish.

The Plaice.

The Lemon Sole.

The Common Dab.
The Flounder.

The Black Sole.

The Hebridean Smelt.

The Herring.

The Sprat.

The Allis Shad.

The TwaitShad.
The Common Eel.

The Conger.

The Great Pipe-fish.

The Straight-nosed Pipe-fish.

The Grey Skate.

The Shagreen or Fuller's-ray.

The Thornback-ray.

Tlie Starry-ray.

The Sandy-ray.

The Porbeagle Shark.

When the food present in the stomachs of fishes has been subjected for

a time to the strong solvent action of the gastric fluid it is often diffi-

cult, if not impossible, especially in the case of annelids and other soft-

bodied animals, to determine Avith anything like precision the species or

even the genus to which the organisms belong. Sometimes the food may
consist partly or wholly of small fishes, and if the digestive processes have
not been too long at work it may be possible, by an examination of what
remains of the bony skeleton or of the ear-stones, if any be available, to

ascertain with some degree of certainty whether the food observed consists

of flat or round fishes, and in certain cases it may even be possible from
an examination of the ear-stones to arrive at a more definite knowledge of

the kind of fish which had been appropriated as an article of food. In

the Whiting, for example, the ear-stones are of such a characteristic form

that the observer may distinguish by these alone the kind of fish the

remains belong to. The ear-stones of the Whiting are narrow and
elongated, at one end they taper gradually to a sharp point, but the

opposite end is somewhat obliquely rounded ; they are also slightly curved

laterally, so that when placed on any plane surface they do not lie flat.

The young Pollack has ear-stones shaped somewhat like those of the

Whiting, but they are not so elongated, nor do the narrow ends taper so

much. The ear-stones of the Haddock do not taper so much at the

narrow end as do those of the Whiting, and they are also proportionally

shorter,' stouter, and more crenulated ; those of the Cod are of a

massive structure, and are broadly sub-cylindrical in shape, and have the

margins and concave surface usually more or less strongly rugose,

while on the convex side the surface is smooth or nearly so. The ear-

stones of large Pollack, Saithe, and Ling are also of a massive structure,
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and somewhat resemble those of the Cod in shape, except that they are

rather more elongated ; they do not show the same amount of crenula-

tion on the edges nor is the concave surface corrugated—at least not so

distinctly as in those of the Cod.

In the so-called flat-fishes, i.e., Turbot, Plaice, Witch-soles, and others,

the ear-stones are usually fiat, moderately thin, and more or less rounded

in shape. The ear-stones of the Witch-sole, Pleuronerfes cynrxjlossus,

are nearly circular in outline, and have the surfaces slightly rugose

;

those of the Plaice, Pleuronectes plate>i^a, are broadly oblong, their inner

surface is slightly irregular, and one edge is more evenly rounded than

the other ; the ear-stones of a Plaice 24 inches long were 12 millimetres long

by 7 broad.

There is sometimes a considerable diflerence in the proportional size of

the ear-stones of different fishes ; those, for example, of a Lumpsucker 15|
inches long measured about 1| by 1^ mm., they were nearly round, but

had a small tooth-like process at one end ; those of a Lemon Sole 12 inches

in length were sub-rhomboid in shape, and measured 3| by 2 mm., while

those of a Long Rough Dab 10 inches in length, which were sub-rotundate,

measured 6 by 4| mm. The ear-stones of the Hake appear to be com-

paratively large ; those of a specimen of moderate size, but the exact

length of which I am unable to give, measured 24 mm. in length by

9 mm. at the broadest part, in form they are broadly dagger-shaped, one

edge is nearly even and gently curved, but the opposite margin is almost

pectinate. A Cat-fish 27 inches in length had ear-stones broad at one

end and pointed at the other, and measured 4 mm. by about 2| )nm. at

the broad end. The ear-stones of some of the smaller fishes, such as the

Worm Pipe-fish, require the aid of a hand-lens to see them properly.

The shells of the smaller species of Mollusca are sometimes fairly per-

fect, and when that is the case it is not difficult to distinguish the more
common forms, but molluscan shells, even if not smashed by the teeth of

the fish, soon become corroded by the gastric fluid, and should the

sculpture be, as it often is, a specific characteristic, their identification is

made difficult and frequently uncertain.

The Crustacea are on the whole more easily determined than most of

the other groups ; the test of the smaller forms is usually moderately

tough and flexible, so that they frequently occur in the stomachs of fishes

more or less entire, and even when there are only fragments available the

genus, if not the species, to which the animal they are part of belongs,

may be made out. In many of the species of the Amphipoda, for

example, there are certain appendages so characteristic that it is possible

by an examination of these to iudentify with a fair amount of certainty the

species which they belong to ; and in proof of this, reference may be

made to the following from among other species. The first and second

gnathopods of Amj)liilochus manwJens are characteristic of that species
;

the second gnathopods oi Stenofhoe marina and Aletojm poIte.na7ia are also

well-marked appendages. By the structure of the seventh pereiopods,

together with the form of the third epimeral plates of the metasome,

several species of Ampelisra, such as A. brerirorni^, A.riiacrorephala, and
A. asdmiliii, may be satisfactorily determined. The males of the three

British species of Gheirocrates, of Protomeileia fasriata, and others may be

distinguished by the form and armature of the second gnathopods, and I

have frequently detected the presence of DuJii'Ma porreda and falcata by
the second gnathopods alone.

The most of the Annelida appear to be readily acted upon by the

gastric fluid, for if they are even for a comparatively short time in a

fish's stomach the only evidence we have of their presence is a quantity of

mucus mixed up with which are fascicles of bristles, and perhaps some of
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the internal muscular structure; Aphrodita, Arenicola, and a few others

d(t not, however, appear to be so readily acted upon as some others.

The Starfish remains observed in the stomachs of fishes are usually

very fragmentary ; they consist of the disks and pieces of the arms, while

sometimes plates and spines are the only evidence that Starfishes have

been taken by the fish.

An interesting fact, brought out by the examination of the fishes men-

ti(»ned in the sequel, is that Sagitta and the tadpole-like Ascidian,

Oikopleura, sometimes form a considerable portion of the food of certain

kinds of fishes; and it is also shown that the smaller Cidenterata,

Pleuruhrachia and others, are at times moderately abundant in the

stomachs of the common Lumpsucker.
Before passing on to describe the food observed in the stomachs of the

fishes belonging to each of the particular species mentioned in the list, I

would remark, although it is hardly necessary to do so, that to ol)tain a

fairly accurate knowledge of the food of the smaller and immature fishes

which feed largely on the minute Crustacea requires careful and patient

research—it is work which cannot be done in a hurry. It frequently

hapi^eus that minute organisms are so covered with mucus that they must

be cleaned ere they can be identified, and sometimes they can only be

identified by dissection.

The food of the various kinds of fishes will be described in the order

in which their names are given in the list. The measurements are in

centimetres (cm.) unless otherwise stated.

The Nokway Haddock. Sebade^ norceyicii't (Ascan.).

^ine specimens were examined, their measurements being—one at 10

cm., one at 11 cm., one at 12i cm., one at 12| cm., one at 14 cm.,

three at 20 cm., and one at 34 cm. They were captured to the east of

Fair Island, October 16th, 1900. The stomach of one was empty, or

contained matter so much digested as to be almost indistinguishable,

while the food contained in the others consisted entirely of Crustacea,

chiefly Pandalus montayui and Cranyou (1) aUmanni. The C'ranyon

remains were too disintegrated to be satisfactorily identified.

Sea Scorpion. Cotfu!< scvrjiim, L.

In the stomachs of seven specimens, all from the Bay of Nigg, near

Aberdeen, the food observed consisted altogether of Crustacea, and

included larval Decapods, the fragments of a Hermit Crab (I'Ju2Ja;/ttras),

Porcellawa hjiKjiconiis, Lhttlwa halfica, the Cypris stage of Balanm sp.,

and some fragments which could not be satisfactorily assigned to any

particular genus or species. Van Beneden states that he has observed a

young Gurnard, Trivia (im-nariJu>=, in the stomach of Caftus .^corpiu^, but

otherwise the food recorded by him consisted entirel}'^ of Crustaceans, and

such as usually frequent shallow inshore water. The size of the fish

ranged from about four to seven inches (10 to 18 cm.).

Red Gurnard. Triyla pint, Bloch, and

Sapphirine Gurnard. Tr'ujla lurerna, L.

One specimen of the former measuring about 24^ cm. in length, and

two of the latter measuring o2| cm. and .34 cm. respectively, were

examined. In the stomach of the first, two small Forfimm sp, were

observed, while the only food observed in the stomachs of the other two

consisted of fragments of Purlanus (?) hoUalii^. The Red Gurnard was
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captured in Sinclair Bay, Caithness-shire, and the Sapphirine Gurnards in

the IMoray Firth, June 29th, 1901.

Grey Gurnard. Trujla <jurnardu>>, L.

Of the seventy-nine Grey Gurnards examined, five of them, which

were from Annan (Solway), collected in May, 1900, and measuring about

14|- to 15| cm., had their stomachs filled almost entirely with the frag-

ments of Crustacea

—

Crant/on cuhjaris being the most common. Some
specimens of Mysidje and of Galanus fimnarcMcus were observed, and
also a single specimen of Mo7iondodes carinatuif.

In the stomachs of ten specimens from the Clyde, collected on October

4th, 1901, and which measured from 14| to 19i cm., C'rantjon was again

the prevailing kind of food observed ; the species observed was Granr/on

allmanni, and it occurred in eight out of the ten stomachs examined.

Pandahcs vio?da(jui was observed in two stomachs, SeJiistomysis ornatwi

in one, and Haliiiiedon parvi)nanu>i (an Amphipod species) in two. A
small round fish was observed in one of the stomachs, and was the only

organism other than Crustacea obtained.

In twenty-four stomachs of Gurnards from the Moray Firth, seven of

which were examined in June, 1900, and the others in June of the

present year (1901), Grant/on formed a smaller proportion of the food

observed than in those just referred to, especially in the specimens

examined this year. The stomachs examined last year were not in very

good preservation, and only one contained food that could be identified,

and which consisted of the remains of Cramjon sp. ; the examination of

further specimens belonging to this sample was therefore discontinued.

In the stomachs of those examined this year small Decapods were found

in four {Nika edulis in one and Gramjon sp. in three) ; Erijthrojjs elegans

occurred in one, Srltistomysis sp. in one, and Pseudocuma cercaria in

one ; several Amphipods were also observed, but no Copepods or other

minute forms. One stomach contained only the remains of Annelids,

while similar remains, along with those of Crustaceans, were found in

another. These Moray Firth Gurnards ranged from about \0h to 30

cm. in length, and it was in the stomachs of the smaller specimens

—

from lOj to 20 cm.—that the most of the Crustacean species were

obtained ; the food in the stomachs of the larger specimens was for the

most part indistinguishable.

Seven specimens collected in Aberdeen Bay on June 10th, 1901, and

fourteen captured oft" Collieston on July 5th, had all, without a single

exception, been living to a greater or less extent on SclmtomijMS xpiritus

(Norm.) ; some other things, including a small Grangon, a few young

Pandahi-^, a few Amphipods, the ear-stones of a small flat-fish, and the

remains of other small fishes and fragments of Annelids, were also

noticed, but the Schidomyds sinritm appeared to be the favourite food of

these fishes at this tim?. These two samples of Trigla (jurnardus

ranged from 11 cm. to 20 cm. in length. It may also be stated that,

besides the fourteen specimens from Collieston specially noticed here, a

considerable number of others from the same locality were examined,

though perhaps not so carefully, and all were found to have been feeding

largely on the same kind of Schizopod. This Schizopod, which is some-

times abundant off the Aberdeenshire coast, is almost transparent ;
there

is a faint tinge of red on parts of its body, and its eyes are intensely

black, so that to one looking into the water from above the creature

would be invisible were it not for its prominent and intensely black eyes.

Nineteen specimens of Gurnards from the Firth of Forth, captured in

April and May, 1901, were also examined; those captured in April
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ranged in length from 19 cm. to 35 cm., and were not in very good
preservation when examined, but it was found that, with the exception

of two, the contents of whose stomachs were too imperfect for identifi-

cation, they had been living entirely on Gramjon allmanni. Those
captured in May— seven in number—were smaller than the others, and
though with these Gratvjon still formed a considerable part of their food,

there were other things that appeared to be even more highly relished,

especially by the smaller Gurnards ; the species which, next to Cramjon,

appeared to be most in demand Avas the skeleton-like Amphipod Dulirhia

falcata ; the food in two of the stomachs examined consisted very largely

of this Dulirhia, both males and females being obtained ; several other

species of Araphipods were observed, such as Amphilochm, Ainphilorlwide",

Paraiiiphitliui', An)peli.<ra, Prufuniedeia, but these were all more or less

rare.

A common Gurnard, fully 5 cm. in length, from Smith Bank, col-

lected in November, 1901, had in its stomach the heads and other parts

of ten Erytlirop'^ elegant, besides a number of other fragments
;
probably

in this case the beautiful eyes of the Eri/throj)s had proved their

destruction.

The following is a full list of the species of Crustacea, etc., observed in

the stomachs of Trigla yurnardus referred to in the preceding

notes :

—

Crustacea.

Crangon allmanni, Kinahan.
Grancjon vulgaris (Linne).

Nika edulis, Risso.

Pandalus montagui. Leach.
Schistomysis ornatus, G. O. Sars.

ScMstomysis spiritus, Norman.
Schistomysis, sj).

Erythwps elegans, G. O. Sars.

Ergthrops sp.

Diastylis sp.

Pseudocuma cercaria (v. Beneduu).
Bathyporeia sp.

Harpinia crenulata, G. O. Sars.

Aynpelisca hrevicurnis (A. Costa).

Ampelisca sp.

Amphiluchns tenuiiaanus. Boeck.
Amphiluchuides .sp.

Metopa sp.

Leiicotlioc lilljehurgii, Bouck.
Monoculodes carinatus, Speiiue Bate.
Periocnlodes longimanus (Silence Bate).

Synchelidium brevicatpum (Spence Bate).

Pontucrates altamarinus (Spence Bate).

Halimedon parciniunus (Spence Bate).

Aplierusa hurealis.

ParamphithvK )n<inocuspis, G. O. Sars.

Megaluropits ayilis, Norman.
Protomcdeiafasiiiata.
Dnlichia falcata.

Dulichia sp.

CalanusJinnmixhicus (Gunner).

Other Things.

Small round fish.

Small fiat fish (ear-

stones).

Annelid remains.
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The Pogge. Agonus catapJimcfiis, L.

Eighty Pogges have been examined for this paper, and with the
exception of eleven they are all from Annan, Solway Firth. Fifty of

those from Annan were collected at the end of April and the beginning of

May, 1900, and fifteen in September ; ten were from the Firth of Forth,

and were collected on May 13th, 1901, while the others were part of a
sample of fish sent from the Clyde in the beginning of October last. The
food in the stomachs examined consisted almost entirely of Crustacea, and
included representatives of the Marrura (Urau(/on ru/ijaris, jun.), the

Schizopoda (Pranitm Jiexuosus), theStomapoda ( Larnpivp!< fa)<dafa), the

Isopoda (Lhjthi^a linearis), the Amphipoda (Gatinitaru>< locuda, Glieiro-

rrafu.^ inferinedius, Curophium i/rossipet:, DulicMa, etc.), the Copepoda
(Longipedia, Ediiiosotua), the Ostracoda (Paraduxodoma cariabile), and
the Cirripedia (Balanm sp., cypris stage). Starfish remains occurred in

one or two of the stomachs, and Annelid remains in one. Nearly all the

Pogges taken in April and May were infested with what looked like

encysted worms ; they occurred in the walls of the body cavity, some-
times on one side only, but more frequently on both sides, and in some
cases they were present in large numbers. The specimens of Agonus
examined ranged in length from 6-j^ cm. to 12| cm., but it was only in

the smaller specimens measuring from Gy^ cm. to Sj^- cm. that the

Copepoda, Ostracoda, and larval Balani were observed, while Crangoii,

Praunus, and others of the "higher Crustacea" were only found in the

stomachs of the larger specimens.

The following is a list of the species of Crustacea found in the stomach

of the Pogges :

—

Crustacea.
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lengtli in the stomach of a Lophius, while the stomach of the ('nftit.< itself

was distend eel by two Carcinmi monmx.*

Lesser Weaver. TrarJu'ma^ ripera, Cuv.

Of the forty-three specimens of Trachi»ii>^ ripera examined, thirty-four

were sent from Annan (Solway), and nine were taken off Colheston,
Aberdeenshire. The specimens from Annan were for the most part
collected in April, May, and June, 1900, but seven of them were captured
early in January of the present year. In the stomachs of those collected

in April, 1900, very little food was observed, and only four out of the
fourteen examined contained matter that could be identified ; this con-
sisted chiefly of the remains of Prannus inermU, (jaimnarm Jocuf'fa, some
remains of Annelids and of two or three small fishes (Clupeoids). The
specimens of Tradiinu^ in this sample measured from 8 to 11^- cm. In
the stomachs of ten specimens examined in May the contents consisted

chiefly of ^Srhi.-<fo)in/i<issp.
; an Isopod

—

FAinjdice adiata—was also found
in one, and in another the remains of a small Clupeoid. The specimens
taken in September and January contained nothing that could be
distinguished.

The nine specimens from Collieston collected on July oth, 1900, had
apparently been feeding largely on Schizopods, all of which appeared to
belong to the one species, Schufomysi^ spin'tu,^ ; the only other food
observed consisted of the remains of a small fish, probably a youn»
Clupeoid or Sand-eel. These Collieston specimens ranged from 11 cm. to

13| cm. in length. A considerable number of these specimens were
examined besides the nine specially referred to here, but they all appeared
to have been feeding on the same species of Schizopod.

The following is a tabulated list of the organisms observed :

—

Organisms Found in the Stomachs of Lesser Weavers.

Critstacea.
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elongafus, Temora lonykomix, Gentropanes tjjpiru'<, and Alefridia sp.

Fragments of Schizopods were noticed in some of the stomachs, but were
too much broken for certain identification. No remains of fish were
observed in these stomachs from the "West Coast, but in the stomachs of

a few specimens captured off Aberdeen the remains of small fish, probably-

young Clupeoids or Sand-eels, were observed, in addition to the usual

pelagic Copepods. A quantity of Mackerel stomachs were sent to me
some years ago from Stornoway, and the food in these was found to con-

sist almost exclusively of young fishes. They appeared to be for the most
part the fry of herrings or sprats, but in some cases they consisted of the

young of their own kind ; so extensively do they at times feed on small

or young fish that Yarrel, referring to the food of the Mackerel, remarks :—" Their principal food is probably the fry of other fishes." * Professor

P. -J. van Beneden, who devoted considerable attention to the subject of

fish food, had evidently a somewhat difl;erent experience, for he states that

the food of the Mackerel consisted of Ceforhilus septentviojialis

( (?) Oalamis finmarcMcus), and adds :
—"Ce poisson est tres-vorace, mais

son estomac est generalement vide." t

The following is a tabulated list of the organisms observed in the

stomachs examined :

—

Organisms Observed in the Stomachs of IMackerel,

Crustacea.
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observed in four stomachs, Latiqu'Ops fanHala was found in one and
Bathijporeia sp. in four, while Gamniarus (?) locusfa, the only other

Amphipod identified, occurred in one. Only Crustaceans or Crustacean

remains were observed. The fishes in this sample measured from 44 to

74 centimetres in length. In the stomachs of two specimens forming

part of a sample sent from Annan in July, 1900, the food consisted

entirely of jNIysida; and Corophiuirt grosdpes, while in a sample collected

on November 28th, 1900, only two out of five contained matter that

could be even doubtfully recognised, and it consisted of the remains of

(?) Amphipods in the one and of Gfani/on sp. in the other ; these Gobies
ranged from 7| to Sf^r centimetres. Twelve specimens were sent from
Annan in January, 1901, but the stomachs of seven of them were empty
or contained matter that could not be identified ; while the food observed

in the other five consisted entirely of fragments of Amphipods, the genus
and species of which could not be made out.

The stomachs of the Moray Firth specimens, collected in June, 1900,

contained numerous Amphipods and the remains of Mysida3. The two
Amphipods identified were Bathijporeia sp. and Coroiihium yrosdpes.

The stomachs of fifteen specimens sent from the Firth of Forth
were those of fishes collected at Station III. on July 13th, 1901.

The constituents of the food in these stomachs exhibited rather

more variety than that of those previously referred to. Cope-
pods, consisting chieflj'' of Longipedia coronata, occurred in eight of

these stomachs ; Amphipods, comprising Mefopa, Havpnnia, and Dulicliia,

were present in four and Annelids in three ; Crustaceans representing the

cypris stage of Balanus were also observed in two of these stomachs, but

Echinoderm or fish remains were not obtained in any of them.

The following Table contains a complete list of the various organisms
observed in the stomachs examined :

—

Specimens Found in Stomachs of Golmis minutus.

Crustacea.
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The stomachs of five specimeus from the Moray Firth contained a

variety of organisms comprising Mollusca, Crustacea, Annelid and Star-

fish remains. The stomach of one specimen ISy^ cm. in length con-

tained the remains of two Anapagurus liijndmamii and an Ampelisca sp.

;

one 13f cm. in length contained fragments of lamellibranch shells

(TeUiiia sp.), young Cranrjon sp., Cheirocrates intei'medius, Erichflionius

sp., LGmiqiedia coronata, and the remains of Annelids and brittle Star-

fishes ; while the others contained the remains of lamellibranch shells and
AmpeUsra sp.

Seventeen specimens from the Clyde, collected, on October 4th, 1901,

had ail Avithout exception been feeding more or less on small Mollusca,

chiefly lamellibranchs ; Crustaceans were also well represented, their

remains being found in fourteen of the stomachs examined ; fragments of

brittle Starfishes were not uncommon, and one stomach contained frag-

ments of a young Amphidohis sp. The shell-fish included a Nafira

olderi and a fragment of a Twrriiella (each with a small Hermit Crab
enclosed), a young Peden van'us, young Solen, Montacida hidenfcda, and

young Saxkava rugosa. The length of these Clyde Dragonets ranged

from 13^ to 19 centimetres. There was no appreciable diff"erence in the

food observed in the smaller specimens from that contained in the

stomachs of the larger.

The names of the various organisms observed in the stomachs of these

Dragonets ai-e given in the Table annexed.

Crustacea.
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four stomachs, and the remains of Starfishes {Amphiura sp.) in one.

One or two specimens of Foraminifera were also obtained in three of

these stomachs. The length of the lish in this sample raned from 9 to

12 centimetres.

The lengths of the twenty specimens from the Clyde ranged from 9i to

11| cm., and it was evident from the contents of their stomachs that

small MoUusca, Crustacea, and brittle Starfishes had been specially sought

after for food. Small MoUusca, usually more or less fragmentary, were

found in nineteen of these stomachs examined ; Montacufa hidentafa was

of frequent occurrence, and was the only MoUuscan species satisfactorily

identified. The rare Isopod Airfurella dUatata was obtained in one of

these stomachs—one specimen was fairly complete and there were frag-

ments of other two. Amphipoda, which were not very common, were

observed in five stomachs. No Copepods were observed, but Ostracoda

—

chiefly Bijtliocyiliere fun/ida—were found in eight. Fragments of

Echinoderms (chiefly brittle Starfishes) were found in all the stomachs

except two, and the remains of Annelids in sixteen—these Annelid

remains were sometimes distinguishable only by the bristles which were

left after the soft parts had been more or less dissolved by the gastric

fluid. A few Foraminifera, siich as MUioUna dmimdum and Rotalia

beccari, were noticed in one or two of the stomachs.

It may be remarked that most of the organisms which, judging from

the samples of fish examined, constitute the chief part of the food of

Spotted Dragonets, are such as have their habitat upon or near the bottom

of the water, and this would indicate that the habitat of the fish is also

usually near the bottom.

In the following Table will be found a list of the organisms observed

in the various stomachs examined :

—

List of Species Found in the Stomachs of Spotted Dragonets.

Crustacea.
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tion of them were either empty or filled with a watery fluid of about the

same specific gravity as ordinary sea water. The fact that the stomachs

of these fishes are found so frequently containing more or less of this

watery fluid, and having sometimes mixed up with it a comminuted and
whitish-coloured matter, has given rise to curious conjectures concerning

the food supply of these fishes. P. -J. van Beneden in his work on

Animal Parasites remarks that " Fishermen affirm, and the examination

of the animal's stomach confirms their assertion, that the Cyclopterus

himpus feeds on nothing but the excreta of other fishes."* It is probably

for this reason that he calls the Lumpsuckers " crotophagous fishes." t

Occasionally I have found the stomachs of Lumpsuckers well filled with

small Coelenterates, such as PJeurohrachia or Beroe, and perhaps the

occurrence of the comminuted bodies of such organisms may, partly at

least, account for this opinion.

The Lumpsuckers referred to here were all, with the exception of

two small specimens from Annan, captured in the Bay of Nigg, near

Aberdeen, in the nets of the salmon fishers. It would appear that the

Lumpsuckers com.e into the Bay to spawm, and the specimens captured in

the salmon-nets, and which I examined, were therefore for the most part

adult forms. The length of the two small specimens sent from Annan
(Solway Firth), and which were collected on April 30th, 1900,

measured 4'2 and 4 '5 centimetres respectively ; the only food found in the

stomachs of these specimens consisted entirely of remains of Gammarus
locusta. The Lumpsuckers from the Bay of Nigg, which numbered one

hundred and forty-four, were all, with the exception of eleven, collected

during the present year (1901). The eleven referred to were captured

between the 16th and 18th of May, 1900, and are included here because

the stomachs of a few of them contained a considerable number of Cope-

poda, chiefly Temora longicornis, whilst among other things observed

were Centropages Jiamatus, Gammarus locusta, and Llothea haltica. In

the stomachs of five specimens collected in the salmon-nets in February no

solid food was found nor anything that could be identified ; but in the

stomachs and intestines of four of the specimens a considerable quantity

of watery fluid was observed
;
young cestoid parasites were frequent,

especially in their intestines, but the fish were apparently in a healthy

condition, Forty Lumpsuckers were examined during March ; the

stomachs of seven, taken on the 9th of the month, were all more or less

filled with watery fluid, nothing that could be identified being noticed.

The stomachs of two captured on the 13th contained a quantity of matter

closely resembling Fleurohrachia or some similar Coelenterate, but was

not sufficiently perfect for identification. Five captured between the

14th and 15th had their stomachs more or less full of fluid. On the 19th

thirteen specimens, comprising ten males and three females, were captured
;

and in the stomachs of four of the males \vere found the remains of

Amphipods and Isopods, the following species being distinguished, viz. :

—

Hyperia galha, Calliopkcs heimisculus, Gammams loaista, and Idothea

emarginata ; the contents of the other stomachs consisted only of a little

semi-fluid matter. Seven specimens were captured between the 21st and

22nd, but only in the stomachs of two was there anything that could be

identified. One of these contained the remains of Pandalus montagui,

and the other the remains of Gavunarus locusta ; the other stomachs con-

tained the usual watery fluid. Of. the five specimens captured on the

27th, two contained watery fluid, two were empty and greatly distended

with air, while in one the remains of a chaetopod Annelid and a specimen

of Hyperia galba were observed.

* Animal Pai-asi(es, The International Scientific Series, vol. xx., p. 79 (1876).

f Les Poissons des Cotes de Belgifjve.
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Forty-five Lumpsuckers were examined in April. In the stomach of

one captured on the 11th a single Amphipod {Amathilla sp., jun.) was
observed. In the stomach of one captured on the 13th one Pandalus
montagiii, a number of Calanus finmarchicus, and one or two Hyperids
(gen. et sp. V), were obtained as well as the remains of Annelides, and a

considerable quantity of whitish semi-fluid matter, consisting partly at

least of Ccelenterata. In the stomach of a male Lumpsucker captured on
the 16th the following organisms were noticed—fragments of several

Pandalus monfagui, one young Amatliilla (sp. 1), a few specimens of

Temora lonr/icornis, and the remains of several Annelids ; in the stomach
of another captured at the same time there was a quantity of matter con-

sisting apparently of small Coelenterates. In the stomach of a specimen
captured on the 18th I obtained AmathiUa hotnari and the remains of

some Annelids, while fragments of Pandalus wontagui were obtained in

the stomachs of two collected on the 29th. Small Coelenterates occurred
in the stomachs of two of the five Lumpsuckers collected on the 30th of

Api'il ; the Coelenterates were numerous in one of the stomachs referred

to along with the remains of Annelids, but only a few Coelenterates were
observed in the other.

Thirty-three Lumpsuckers were captured in May. Seven speci-

mens were collected on May 1st, but only t-wo of them contained
food, which consisted of a considerable quantity of small Coelenterates

;

and in the stomach of another collected on the 2nd, fragments of

a moderately large Idothea (/) haltira were observed ; Temora longi-

cornis, the remains of at least four Annelids, and a few larval

Balani (cypris stage) were also obtained. Five Lumpsuckers
were captured on May 3rd, and the stomach of one of them was well
filled with what looked like small Coelenterates, and mixed up with
them were a number of Temora longicornis, apparently only recently

swallowed, one or two Calanus finmarchicus, larval Balani (cypris

stage), and the remains of one or two Annelids. On the fins of this

specimen several small tumours were observed, which, when opened, were
found to contain numerous but extremely minute living Psorosphfera^

;

some were of a globular form and filled with granular matter, but the
greater plumber were pear-shaped and furnished with two flagella at the
narrow end. The gall-bladders of some of these fishes were also infested

with larval Cestoids, and similar organisms were of frequent occurrence in

the intestines. One Idofhea pelagica and a number of Temora longicoriiis

were mixed up amongst a quantity of whitish semi-fluid matter in the
stomach of one of four Lumpsuckers collected on the 9th, and numerous
specimens of Temora, mixed up with similar whitish matter, occurred in

the stomach of another; both of these stomachs were those of male fishes.

Ten Lumpsuckers were captured between the 13th and 16th of the month,
and the stomachs of three or four of them contained small Coelenterates

and remains of Annelids. 'Temora longirornis and larval Balani were
also frequent. Seven Lumpsuckers were captured in the month of June
and three in July, but after the 18th of the latter month no more were
obtained, and they appear to have loft the Bay about that time. The
stomachs of two of those obtained in June contained small Cnelenterates

and Temora longicornis, and one of those captured in July was also

filled with Coelenterates consisting for the most part of Pletiro-

brachia. It may be of interest to note the fact that the stomachs
containing food which could be most easily identified were usually

those of male fishes; the great majority of the stomachs of female
fishes examined were either empty or contained a thin fluid differing

little, if at all, from sea water. The apparent absence of food in

the majority of adult Lumpsuckers has been taken special notice of
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by Professor van Beneden, who remarks that " On trouve rarement

des traces de pature dans les poissons adults,"* Avhile the only food

observed by him that could be identified consisted of small Mysidaj and-

Crangon, and these occurred not in the stomachs of adults but of

young specimens measuring from 1 to 3| centimetres in length.?

The following is a list of s[)ecies obtained in the stomachs of the

Lumpsuckers examined :

—

List of Species Found in Stomachs of Lumpsuckeks.

Crustacea.
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variety of organisms than was observed in the other two samples. The
food of this sample of fishes, like that of the other two, consisted almost

entirely of Crustaceans, and included such forms as Pawlalux montagid
(jun.), PawJalina hrpviroxtrix, Mysidae, Eriditlioniux ilpforndx, Didu-Jiia

jwrrerta, and the cypris stage of Balanus sp. The remains of a young
fish were also observed in one of the stomachs from the Forth, One of

the more interesting things observed was Phry.tm ahdominalix^ female
and male

;
probably this parasite had been adhering to the Pandahix or

Pandalina when swallowed by the fish and had afterwards become
detached.

The following is a tabulated list of the various species obtained in the

stomachs of the Butter-fishes examined :

—

Species in Stomachs of Butter-fish.

Crustacea.
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Crustacea which could not be determined, and one contaiaed small

Molluscs and Amphipods (Podocerus falcatus chiefly), the MoUusca
comprised young Mijtilis edulis and Gastropods. The specimens of

Zoarces examined ranged from about 23 to 28 centimetres in length.

Sharp-tailed Lumpenus. Lumpenus lampretiformis (Walb.).

Twenty-five specimens of Lumpenus have been examined ; they com-

prised twenty-two from the Firth of Forth, collected in May and July

of the present year (1901), and three from the Clyde, collected in 1897
but not examined till January 17th, 1901. The stomachs of all the

specimens contained food, and in some cases in considerable quantity,

but the organisms of which it was composed were generally small. A
considerable proportion of the food consisted of Oopepods and Ostracods,

but several other groups of Crustaceans were also represented. MoUusca,

Annelida, and brittle Starfishes also contributed to the Lumpenus' "bill of

fare." The three Clyde specimens measured 15i, 16f, and 22|
centimetres respectively; the stomach of one of these contaiued a few

specimens of Ostracods [KritJie hartonensk and Cytlieridea sp.) and

Annelids. In the stomach of another Cytlieridea papillosa and remains

of Annelids were observed, while the stomach of the third contained the

following among other organisms—young Cardium sp., Nucula sp. and

Cyliclina sp., Eudorella fnmcatula, and Lepto<jnailiia hreviremis : Cyfhere

porcellanea, Krithe hartonensis, Cytlieridea papillosa &nd other OstYacod&;

Longipedia coronafa, Ectinosoma sp , and other Copepods not determined.

The food observed in the stomachs of ten specimens captured at

Station V., Firth of Forth, on May 13th, 1901, was composed of a great

variety of organisms, and all the stomachs were well filled. MoUusca
were found in two of the stomachs, and comprised small specimens of

Nucxda tenuis, Corlnda gibba, Tellina sp., and Montacuta substriata.

Crustacea formed the principal part of the food in the stomachs of

almost all the fishes in this sample, Sympoda (Cumacea) occurred in

five stomachs, but the only forms observed were Leucon nasica and

Diastylis sp.; Leptognathia brevirernis—one of the Isopoda chelifera

—

was found in one. Amphipods, comprising Leucotlioe lilljeborgii,

Ampelisca sp., Protomedeiafasciata, Didichia falcata and other species

were observed in four, Ostracoda were present in eight stomachs, and

included the following amongst other species

—

Cythere concinna and

dunelmensis, Krithe bartonensis, BytJiocythere simplex, and Philomedes

interpimda. The Copepoda were represented by several species, but the

following two were the most common, viz., Longipedia coronata, which

was moderately abundant in several of the stomachs, and Rohertsonia

tenuis, which was also "frequent" or "common" in several, and usually

in company with the Longipedia. Larval Balani (cypris stage) were

present in a few, while marine Acarides and Foraminifera, the remains of

Annelids, and the fragments of brittle Starfishes were also occasionally

observed. The specimens of Lumpenus in this sample ranged from 28 to

a little over 34 centimetres in length.

The second sample of Lumpenus from the Firth of Forth comprised

twelve specimens, which were collected at Station HI. on July 13th, 1901.

The stomachs of all these specimens contained food which for the most

part could be easily identified, and the organisms which appeared to be

most in favour with the fish were Longipedia, these Copepods being

present in eleven out of the twelve stomachs examined. There appeared

to be less variety in the food of this sample than in that of the last, and a few

organisms were observed which did not appear to be present in the last

sample. The Sympoda were represented by Leucon nasica, Eudorella
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truncalula, and Pseudonima cercaria. No Isopods were observed. The
Amphipods comprised such forms as AmpelUca (?) a.<4iinlif, Halimedon
parvimanus, and Harpinia neglcrta. The only Ostracod noticed was

Gythere eniadata. The Copepods, as already remarked, formed the

principal part of the food of this sample. Lonijipedia (chiefly L. cownafa)

was abundant in three of the stomachs, frequent in other three,

and few or moderately rare in five ; Rohertsonia tenuis was observed

in four stomachs, and Eciinosoma xard in four ; Jonesiella spinulosa was

moderately rare in three, and Ameira rejiexa in one. Young IMollusca

Avere abundant in one of the stomachs examined, while in six the remains

of Annelids were found. It may be noted in passing that Pseicdocolanus

elongatus and Temora longlcornu were the only "pelagic" forms observed

in all the stomachs examined, and these two forms were very rare ; it

would thus appear that the Lunipenus collects its food chiefly from

amongst bottom fauna, and that the smaller Crustacea are the organisms

that are most in favour with the fish.

The following tabulated list contains the names of all the species

observed in the stomachs examined.

Species Found in the Stomachs of Lumpenus.

Crustacea. Other Things.

Leucon nasica, Kroyer.
Eudorella tnmcatula (Spence Bate).

Dmstylis sp.

Pseudocuma cercaria (v. Beneden).
Leptognathia brenremis (Lilljeborg).

Harpinia neglecta, G. O. Sars.

Ampelisca sp. (? assimilis)

Leucothoe lilljehorgii, Boeck.
Perioculodes longitnanus (Spence Bate).

Halimedon parvimanus (Spence Bate).

Autonoe longipes (Lilljeborg).

Protomedeia fasciata, Kroyer.
Didichia falcata, Spence Bate.

,, sp.

Cythere porcellanea, Brady.

,, concinna, Jones.

,, emaciata, T. R. Jones.

,, tuherculata (G. O. Sars).

,, {T) finmarchica {G . O. Sars).

,, dxinelmensis (Norman).
Cytheridea papillosa, Bosquet.

,,
punctillaki., Brady.

Krithe bartonensis, T. R. Jones.

Bythocythere simplex (Norman).

Cytherideis subxilata, Brady.

Machaerina tenuissima (Norman).

Philomedes interpuncta (Baird).

Pseudocalanus elongatus, Boeck.

Temora longicornis (O. F. Midler).

Longipedia coronata, Glaus.

,,
minor, T. and A. Scott.

Bradya typica., Boeck,
Ectinosoma sarsi, Boeck.

Robertsonia tenuis (Brady and Robertson).

Ameira reflexa, T. Scott.

Jonesiella spinulvsa, Brady.

Gletodes (?) longicaudata, Brady and Robertson.

Balanus (cypris stage).

Annelids (small).

Natica sp. (jun.)

Tellina sp.

Montacxda substriata.

Beloculina sp.

Nucula tenuis.

Gorbula gibba.

Botalia beccari.

Cylichna sp.

Cardium sp. (jun.).
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Sand Smelt. Atherina presbyter, Cuv.

Twelve Sand Smelts, part of a small lot captured in Inverneil Bay on

October 31st, 1899, were recently examined. The length of the speci-

mens ranged from 5| to 8|- centimetres, and the stomachs of every one of

the twelve examined contained Copepods in considerable abundance.

One stomach was fairly well filled with Oiihona sp. ; one contained

Oitliona sp. and fragments of an insect ; but in the other ten the food

consisted of nearly equal numbers of Oitliona and Acartia. In one of

these ten there were also the remains of a few larval decapod Crustacea,

and in another a young Galaniis finmarchicus. The Oitlionas contained

in these stomachs appeared to be the one known as 0. spinifrons (or 0.

helgolandica) ; the Acartia was A. clausi.

Grey Mullet. Mugil eJielo, Cuv.

In the summer of 1900 three Grey Mullets were captured in the

salmon fishers' nets in the Bay of Nigg, near Aberdeen ; two were taken

on June 20th and one on July 4th, but only one stomach (one of the two

captured in June) contained food, and this consisted almost entirely of

Rhuoselenia ; there was a considerable quantity of these organisms in

this stomach, and mixed up with them were a few common Copepods

—

Calanoids.

ThPvBE-spined Stickleback. Gasterosteus aculeatus, L.

Twenty-nine specimens of these Sticklebacks have been examined, one

from the Bay of Nigg, two from the Moray Firth, and twenty-six from

Loch of Loirston—within three or four miles from Aberdeen. The food

observed in the stomach of the specimen from the Bay of Nigg consisted

entirely of marine Copepods belonging to the Harpacticidse, and they

included Ectinosoma sp., Stenlielia sp., Daetylopus tisboides, and
Harpactieus sp. (probably H. fulvus) ; this Stickleback measured Q^^
centimetres in length.

The stomachs of the two specimens from the Moray Firth contained

small flat-fishes partly digested, and young Mysidfe. A number of

Copepods, chiefly Ectinosoma, were also observed in one of them, as well

as a few larval BaJani (cypris stage). These two specimens of

Gasterosteus measured &-^^ and 6| centimetres in length respectively.

The twenty-six specimens from Loch of Loirston ranged from about

3| to 5 centimetres in length, but the length of most of them did not

exceed 4| centimetres. The stomachs of all the specimens, with only

one or two exceptions, contained Entomostraca in fewer or larger

numbers. Cyclops serrulatus and Bosmina longirostris Avere the two
species most frequently noticed ; the names of the others will be found in

the tabulated list. Insect larvfe wea.'e observed in a number of the

stomachs, and every one of these fishes was infested with cestoid parasites

{Scliistocephalus), the body cavity of the fish being in some instances

crammed with them ; eight comparatively large ScJiistocephali were taken

from the body cavity of a Stickleback scarcely 5 centimetres in length.

[Table.
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List of Species from Three-Spined Sticklebacks.

Ceustacea. Other Things.

Mysidie fcen. et sp. ?)

OiQjria uphthalmica (Jurine).

Oyclops viridis (Jurine).

,, 'Olhidus {Jmiwc).

,, serridatus, Fischer.

,, fimbriatus, Fischer.

Ectinosorna sp.

Canthocamptus staphylinus (Jurine).

„ mimitus, Claus.

,, crasmis, G. O. Sars.

,, zschokkei.

Stenhelia sp.

Dact\/lopus sp.

Harpadims (?) chelifer (O. F. Miiller).

Bosviina longirostris (O. F. Miiller).

Alona quadrangularis (O. F. Miiller).

Harporhyncus falcatus, G. O. Sars.

Chydorus sphaerkus, O. F. Miiller.

,, (?) ccelatus, Schoedler.

,, barbahis (G. S. Brady).

Balanus (cypris stage).

Small flat fish (re-

mains).

Insect larvie.

FiFTEEN-spiNBD STICKLEBACK. Gastvcea spinuchia (L.).

Five Fifteen-spined Sticklebacks were examined, but their stomachs

contained very little food that could be identified. In the stomach of

one from the Bay of Nigg, 12f^ centimetres in length, a few partially

digested Amphipods, too imperfect to be determined, were found ; and as

for the other four, which were from Annan (Solway Firth), the stomach

of one was empty, the stomach of another contained Crustacean remains

which could not be distinguished; a partially digested Isopod {Idothea

hcdtica) was obtained in the third, while the food contained in the fourth

comprised Idothea sp. (probably /. baltica), Gammarus locusta, and Jara
sp. The lengths of the Annan specimens ranged from lOi to 14-j^

centimetres.

CoD-FisH. Gadus callarius, L.

The stomachs of the Cod-fishes referred to here have been examined at

different times, and they have been obtained at different places, including

the Firth of Forth, Aberdeen Bay, the Bay of Nigg near Aberdeen, the

Moray Firth, and the estuary of the Annan (Solway Firth). One or two

of the samples consisted of very small fishes, and these are considered

separately.

A sample of eighteen collected at Annan on June 26th, 1900, ranged

in length from 5 to 8 centimetres ; the stomachs of all these contained

food, the principal part of which consisted of Schizopods, and the speci-

mens that were sufficiently perfect for identification belonged chiefly to

Neomyds vidgaris (J. V. Thomp.), but a few of them appeared to be the

common Praunus (Mysis) fe.cuostit!. Small specimens of Crangon vidgaris

were observed in two of the stomachs, and Gammarus locusta was
obtained in four ; one or two other Amphipods such as Bathyporeia sp.

and Corophiujn grossipes were also noticed. Eurytemora (1) velo.c was
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frequently met with ia these stomachs, and even spermatophores which
had become detached from the females were obtained. The organisms
obtained in the stomachs of these Annan specimens were all more or less

estuarine and littoral forms.

A small sample of specimens, ranging from Syij to 11 centimetres in

length, and collected in the vicinity of Aberdeen in October, 1900, had,

like the Annan specimens, their stomachs moderately full of Schizopods,

bnt in this case the species was Schistomysin spiritus ; these organisms

were absent from only one of the seven stomachs examined. Fragments
of Crangon sp. and of a feAv-Amphipods occurred in one or two stomachs,

but no Copepods or other minute forms were observed. A small specimen
about 47 1 millimetres in length, captured in the Moray Firth off Golspie,

had its stomach filled with Calcmus JinmarcMcus, Thalesfriss\h, and other

Copepoda ; larval Balatii (cypris stage) were also present. The food in

this example is more characteristic of the open sea than is the case with
the other two, but its only significance is that the young Cod seem to

have a special liking for small Crustaceans, though not for particular

species.

Four specimens from the Firth of Forth, of a somewhat larger size

than those already referred to, and collected on May 13th, 1901, had
their stomachs partly filled with Portunus Jiolsatu-< ; but these Crustaceans

having been subjected for a while to the action of the gastric fluid were
not in very good preservation. The length of these small Cod ranged

from 19^ to 23 centimetres. The stomach of another specimen from the

Firth of Forth, collected also in May, and measuring 20| centimetres,

contained Portunus pudllus and Eupagurus jjuhescens.

A small Cod, 18| centimetres in length, taken off Collieston, Aber-
deenshire, had also fragments of Eupagurus sp. in its stomach. Evidently

Crustaceans were more in favour with these small Cod as food than any
other kind of organism.

The following examples were all larger than those already mentioned,

but their exact sizes could not always be obtained ; they would probably,

however, range between 50 and 75 centimetres in length, except in the

case of some extra large specimens, the measurements of which are

given.

The stomachs of nine Codlings captured in the salmon nets at the Bay
of Nigg in April and May, 1900, contained Portunus holmtus, Crangon
vulgaris, Galathea rugosa, Idotliea haltica, and Caprelta septentrionalis

;

Crustaceans only were observed in these stomachs. In the stomach of a

large Cod from the same place, taken on July 27th, 1900, only partially

digested fishes were found ; the food in this example was too much
decomposed for identification. The heads and viscera of two Codlings

obtained from the salmon fishers at the Bay of Nigg on February 19th,

1901, were examined, but the only food observed in the stomachs con-

sisted of fragments of Galathea (?) rugosa and the remains of some other

Crustacea. The stomach of a moderately large Cod, captured in the

salmon nets on May 18th, 1901^ contained two female shore crabs,

Carcinus mamas (with eggs nearly ripe), one common Dab about 124
centimetres long, one Parajassa p)elagica, and a large number of Caprella

septentrionalis. A small Cod, taken on July 20th, had in its stomach
the remains of small flat flshes, two or three Portunus Jwlsatus, and of an

Amphipod

—

Jassa falcata ; while another, about 77 1 centimetres in

length, captured on the 19th of August, had in its stomach the remains

of Portunus sp. and fishes. (Over one hundred specimens of the Copepod
species Bomoloclius soleoi were removed from the nostrils of this

Cod.) In the stomach of a Cod from the Aberdeen Fish Market,

examined at the Laboratory in October, and the length of which was 103
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ceiitimelres, a Long Rough Dab, Drepanopfetta jjlatesgoides (Fabr.),

measuring 19 centimetres in length, was obtained; while in the stomach

of the Dab portions of several young Portunus sp. were found. Several

specimens of a cestoid parasite {Ahothriuvi) were obtained in the

intestines of this Cod, but each pai-asite had its head inserted into one of

the caecal tubes. The stomach of another cod from the Fish Market,

measuring 89^ centimetres, and examined on November 6th, contained

three adult Norway Lobsters (Nei^lirops norvegicus), a small Lucina (?)

sjiinifera, and a fragment of a Cardiunt, while the stomach of another

specimen about 82i centimetres, captured in Aberdeen Bay on November
29th, 1901, contained one Haddock about 16| centimetres in length, the

remains of some other fishes, and a considerable portion of the body

of a large Buccinum undatum with the operculum attached.

The following is a tabulated list of species which the Cod, referred to in

the preceding notes, had captured in the way of food.

Species Observed in the Stomachs op Cod.

Crustacea. Other Things.

Carcinus manas (Pennant).
Portunus liolsatns, Fabricius.

,, inisillus. Leach.
Eupagurus pubescens (Kruyer).

,, sp. (remains).

Gnlathea ? strigusa, Fabricius.

Nephrops norvegicus (Lin.).

Crangon vulgaris (Liu.).

,, sp.

Small brachyura (gen. et sp. ?)

Praunusl flexuosus (O. F. Miiller).

Schistomysis spiritns, Norman.
Apherusa sp.

Gammarus locusta (Lin.).

Parajassa pelagica (Leach).
Corophium grossipes (Lin.).

Caprella septentrionalis (Kr yer).

Calanus Jinmarchicus (Gunner).
Eurytemora velox (Lilljeborg).

Ectinosoma sp.

Thalestris sp.

Copepods (gen. et sp. ?)

Balanus (cypris stage).

Haddock.
Long Rough Dab (19

centimetres).

Conunon Dab.
Fish remains (sp. ?)

Cardium sp.

Lucina sjnnifera.

Buccinum undatum.
Starfish remains

(Ophiura).

Haddock. Gadus ceglejimis, L.

The stomachs of one hundred and twenty Haddocks have been

examined for the purposes of this paper ; fully 78 per cent, of these

specimens were collected south-eastward of the Shetland and Fair Islands,

about 17^ per cent, are from deep water— 58 to 65 fathoms—about 10

miles off Aberdeen ; of the other specimens, two are from the Clyde and
two from the Moray Firth.

Fifty-five of the Haddocks from the Shetland district were collected

65 miles south east of Sumburgh Head, on September ith, 1900; thirty-one

of them ranged from 8 to 11 centimetres (3i to scarcely 4| inches) in

length, but the other twenty-four were of average size. The stomachs
of the thirty-one small specimens contained food which consisted for the

most part of small Crustacea ; the remains of Annelids were observed in
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a number of the stomachs, while small Molluscan shells and fragments of

Starfishes and Foraminifera were obtained in onlj' one or two. The
Crustacea included representatives of nearly all the important groups,

except the Brachyura and the Schizopoda
;
young Crcmtjon sp. (probably

C. allmanni) occurred in a few of the stomachs, but the Sympoda
(Hemilamprops rosea and others) were rarely noticed. On the other

hand, Amphipods, Ostracods, and Copepods were of frequent occurrence.

Amongst the Amphipods DuUchia monacantha and jiorrecta were the forms

most frequently met with, but 3fefopeUa nasufa and Gammaropds nanus

were also occasionally observed as well as one or two of the more common
species. Bijthocytliere sim2)le.c and Krifhn hartonensk were the two

Ostracod species most frequently obtained, while the Copepoda most com-
monly met with were Eetinosoma sarsi and Idya furcata. LeptognatTiia

brevirenm, one of the Isopoda-chelifera, was also found in one or two
stomachs. No trace of fish remains was observed in the stomachs of any

of this sample of small Haddocks. The stomachs of the larger Haddocks,

captured at the same place and on the some date as the smaller

specimens just referred to, contained food which was largely composed
of Crustacea, though not so exclusively as in the previous sample,

the grouping of the species was also somewhat different. The Sympoda
were more frequently represented, and the species belonging to this

group were more varied ; small shell-fish were more frequent, and
the remains of young fishes were also on one or two occasions obtained.

Decapods (Eiqjagwus sp., and Crangon allmanni) were only observed in

three of the twenty-four stomachs examined. Schizopods (Erythrops

serrata) occurred in three. Sympoda, comprising Hemilamprops rosea,

Leucon nasica, Eudorella truneafula, Diadylis eornufa, DiasfyloiJes

hiplicata, Campylaspis sp., etc., were obtained in at least sixteen stomachs.

Amphipoda, including amongst them the somewhat rare Metop)ella nasufa

and Aceros phyllonyx, were even of more frequent occurrence. No
Isopods were observed in the stomachs of this sample. The only Ostracod

observed was Philomedes interpuncta, which occurred once. Copepods
were also rarely met with, Rohertsonia tenuis being the only species

identified. Fully 75 per cent, of the stomachs contained partially

digested Annelids (Chsetopods), which in some cases were only identified

by the presence of their bristles. The MoUusca comprised both

Lamellibranchs and Gasteropods, but chiefly the former, and were repre-

sented by such forms as Scrohicularia sp., young Solen sp., and Philine.

The fish remains observed were chiefly those of young flat-fishes—a small

Long Rough Dab being one of those identified.

Two samples of Haddocks—one consisting of twenty-five small

specimens ranging from 11 to 14f centimetres, and one of ten specimens

of average size, and collected about fifty miles south-eastward of Fair

Island—were also examined ; but as the contents of the stomachs of these

two samples resembled very closely those already described, both as to

the quantity and the variety of the organisms observed, it is not necessary

that a detailed description of them should be given ; a full list of the

organisms observed will be found in the annexed Table.

Two Haddocks which were captured in the Clyde at Station IV.

(Kilbrennan Sound) in 18 to 20 fathoms on October 4th, 1899, gave the

following results:—One which measured 26^ centimetres in length had in

its stomach eighty specimens of NycHjjJumes norvegieus of an average

length of about 33 millimetres ; the stomach of the other, which was a

smaller fish and measured 22 centimetres long, contained one hundred

and eighty Nyctiphanes, the length of the majority of which Avas about

20 millimetres.

In the stomach of a Haddock—one of a sample from Smith Bank,
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Moray Firth— captured on June 5tb, 1901, a quantity of food was

obtained consisting chiefly of Oikopleura (ApjiewHcuJaria), and young

ErJiinocardium.

A sample of twelve Haddocks captured in 65 fathoms off Aberdeen on

May 17th, 1901, and measuring from 17 to 21^*^ centimetres in length,

had all apparently been recently feeding, but they had evidently from

choice or necessity limited their efforts to the selecting of small shell-fishes

(young CorJnila gihha, Cylirliina alba, and Philine srahra), small Crustacea

of various kinds, small Annelids, and brittle Starfishes. Foraminifera

comprising BUondina sp., Miliolina sp., Rotalia hecrari, and others were

also not infrequent, but whether these were introduced into their stomachs

from adhering to or forming the food of the other organisms captured or

intentionally selected by the fish, is a question which in some cases at

least would be difficult to answer satisfactorily, Crustacea, as usual,

formed a large part of the food found in the stomachs of these fishes, and

the following are a few of the rarer forms observed :

—

HemiJa7iiprops rosea

was observed in seven stomachs, Eudorellopsis deformis in one, and

Campylaspis afftnis in one ; Metopa ruhrovittata was observed in one

stomach, and Mefopella nasuta in seven ; Plioxoceplialus holbolli occurred

in at least one stomach, and Amp)7iiIochoides intermedms in one, while

Unciola planipes was found in four. A few Ostracods, of which
Bytliocythere turgida was the more frequent, and the Copepod species

Longipedia coronata, were also occasionally observed. In none of these

stomachs were any fish remains found. Another sample of Haddocks
from the deep water (about 58 fathoms) ten miles off Aberdeen, and
collected on September 3rd, 1901, was also examined; the specimens in

this sample, which were smaller than the last, ranged from 11 j^ to 14^
centimetres in length ; all their stomachs contained food which as usual

consisted largely of small Crustacea, chiefly Sympoda, Amphipoda, and
Copepoda (Longipjedia coronata). Fragments of a small slender Starfish

(? Amp)liiiira) were . occasionally noticed, and also very small

EcJwiocyam us (or young Echinocardiiun sp.), but no remains of Annelids

or fishes were observed. The following are some Crustacean species

observed in the stomachs of this sample but which were not noticed in

those of the previous one, viz.:

—

Petalosarsia dedicis, Bodotria scorpioides

(Montague), and Diastylis rugosa belonging to the Sympoda; Megaluropus
agdis, Faramphithoe monocuspis, Gammaropsis erytliropldlialmus, and
P/i/^s/ea ?ftarm« belonging to the Amphipoda; Asteropje marke—one of

the Ostraooda—and Teinora longicornis belonging to the Copepoda.

Twelve specimens—part of another sample of small Haddocks from the

deep water off Aberdeen—collected on November 28th, and ranging in

length from about 16 to 18^ centimetres, had apparently been all feeding

just before they were captured, as the contents of their stomachs were in

a fairly fresh condition when examined. The food observed consisted

for the most part of Crustacea (young Portunus, Crangon, Spirotifucaris

securifrons, Ampdisca macrocephala, Pontocrates altaniarinus and other

Amphipods) and Echinoderms (chiefly Aniphinra sp., and Echinocyamus
pnmllas—Echinocyamus occurred more or less frequently in every stomach

examined, and in one no fewer than eighty-three specimens of this small

Echinoderm were obtained); some Annelid remains and one or two small

Molluscs (PhUine scahra, etc.) were also noticed.

It is evident from an examination of the food of these Haddocks that,

for a short time before they were captured, they had been feeding almost

solely on bottom organisms ; it may be that a scarcity of pelagic forms
had caused them tu seek their food from amongst the bottom fauna, but
it is probable that they prefer such organisms instead of those whose
habitat is more pelagic.
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The following tabulated list will show the very varied character of

the food of Haddocks:

—

Species Found in the Stomachs of Haddocks.

Crustacea. Other Things.

Inachus (?) leptochirus, Leach.
Eupagurus sp. (small).

Anapagurus (?) chiroacanthus (Lilljeborg).

Crangon alhnanni, Kinahan.
Nyctiphanes normgica (M. Sars).

Gastrosaccus spinifer (Goes).

Erythrops serratus, G. O. Sars.

sp.

Bodotria scorpioides (Montague).
Iphinoe serrata, Norman.
Lamprops fasciata, G. O. Sars.

Hemilamprops rosea (Norman).
Leucon nasica, Kroyer.

Eudorella trnncatida (Spence Bate).

Exidorella sp.

Eudorellopsis deformis (Kroyer).

Diastylis cornutus (Boeck).

,, rugosa, G. O. Sars.

Diastyloides hiplicata, G. O. Sars.

Pseudocuma cercaria (v. Beneden).
Petalosarsia declivis (G. O. Sars).

Campijlaspis rxibicunda (Lilljeborg).

Leptognathia breviremis (Lilljeborg)

Gnathia maxillaris (Montague).
Paramunna bilohata (G. O. Sars).

Acidostoma obesutn (Spence Bate).

Urothoe sp.

Phoxocephahis (?) holbolli (Ki'oyer).

Harpinia negleda, G. O. Sars.

Harpinia sp.

Ampelisca macrocephala (Lilljeborg).

Ampelisca (?) assimilis, Boeck.
Ampelisca tenuicornis, Lilljeborg.

Ainpelisca sp.

Stegoplax brevirostris (T. and A. Scott.)

Metopa bruzelii, Goes.

Metopa rubrovittata, G. O. Sars.

Metopella nasuta (Boeck).

Amphilochus manudens, Spence Bate.

Araphilochoides odontonyx (Boeck).

Amphilochoides intermedius, T. Scott.

Amphilochoides sp.

Synchelidium brericarpum (Spence Bate).

Monoculodes sp.

Halimedon parvitnanns (Spence Bate).

Pontocrates altamarinus (SjDence Bate).

Paramphithoe monocnspis, G. O. Sars.

Paratylus swammerdami (M. Edwards).
Aceros lihyllonyx (M. Sars).

Dexaynine sp.

Melita obtusata (Montague).
Megaluropus agilis, Noi'man.
Gammaropsis viacidata, Johnstone.
Gammaropsis nanus, G. O. Sars.

Photis tenuicornis, G. O. Sars.

Gobius sp. (jun.).

Scrobicularia jirisma-

tica.

Scrobicularia sp.

Gardium sp.

Modiolaria discors.

Nucula sp.

Tellina tenuis.

Corbxda gibba.

Solen sp. (jun.).

Lam elli bran ch s

(sp.?)

Phihne scabra.

Cyclichna alba.

G^ichna sp.

Eulima sp.

Utriculus obtusus.

Scalaria sp.

Amphidotus cordatus.

E ch in c y a 7;i u s

pusillus.

Starfish remains.
Oikopleura,

Biloculina oblonga,

Bilocidina depressa.

,, subrotunda.
Spiroloculina sp.

Globigerina sp.

Bidimina sp.

Botalia heccari.

Nonionina sp.

Polijtnorphina sp.

Miliolina seminidum.
Orhiculina u niversa .
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Species Fouxd in the Stomachs of Haddocks—continued.

Crustacea.

Photis lowjicaudatus (Spence Bate).

Unciola plnni2ies, Norman.
Sijyhonoccetus colletti, Boeck.
Corophium afjine, Brazelius.

Dulichia porrecta, Spence Bate.

DuUckiafalcata, Spence Bate.

Dulichia monocantha, Metzgei'.

Dulichia sp.

Phytisica 'marina. Slabber.

Gythere tuberculata (G. O. Sars).

Cythere dunelmensis (Norman).
Krithe Bartonensis (T. R. Jones).

Gytheropteron latissimam (Norman).
Bijthociithere turgida, G. O* Sars.

Bi/thocythere simplex (Norman).
Paradoxostoma variabile (Baird).

Asterope marice (Baird).

Philomedes interpuncta (Baii'd).

Calanusjinmarchicus (Gunner).
Pseudocalanus elonyatus, Boeck.
{}) Scolecithrix sp.

Temora longicornis (0. F. Miiller).

Metridia (?) lucens, Boeck.
Cyclopina sp.

Lonyipedia coronata, Glaus.

Ectinosoma sarsi, Boeck.
Idya {T) furcata (Baii-d).

Balanus (cypris stage).

Other Things.

Whiting Pout or Brassie. Gadus lusctis, L.

The stomaclis of two specimens of Cfadus luscui^, captured in the deep
water off Aberdeen (58 fathoms) on September 3rd, 1901, and measurint^

20| and 24 centimetres respectively, contained food which consisted

entirely of Crustacea, but the specimens in the stomach of the smaller

fish could not be identified
; the remains in the stomach of the other con-

sisted of fragments of Etijxir/uriis sp., Epimeria cornigera, and of some
other forms which were doubtful. Professor P. -J. van Beneden gives the
following species which he has found in the stomach of Whiting Pout:

—

Portunux holmfus, Gramjon vulgaris, Eupagiirus bernhardus, EuUs
coronata, Forbes, and Bwcinum undafmn.*

Norway Pout. Gadus esmarldi, Nils.

Fifty-nine specimens of Gadus fismarkii were specially examined ; they
included six from the Firth of Clyde, collected in March, 1900;
nineteen captured about sixty-five miles to the eastward of Sumburgh
Head, Shetland, on September 4th, 1900; twenty from the Moray
Firth, collected on October 11th and 12th, 1900; and ten collected in the
deep Avater (58 fathoms) oft' Aberdeen, on September 3rd, 1901.

The stomachs of only three of those sent from the Clyde contained
food that could in some measure be identified ; Echinoderms (brittle

Starfishes) were found in one, Schizopods (gen. et sp. ?) in another, while

* Les Poissons des Cotes de Belgique, p. 58.
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in the third a few Copepods were found which could not be satisfactorily

determined ; the fishes in this sample ranged from 14^0 to 181 centi-

metres in length.

The stomachs of all the nineteen specimens from the Shetland

district contained food which consisted almost entirely of the remains

of Crustacea, but they were so much decomposed that it was with

difficulty the following organisms could be recognised: Hemilamjyrops

rosea and a few Mysid^e were found in two stomachs ; Grangon allmanni,

Halimedon 'parvimamis, and one or two other Amphipods—the genus and

species of which were doubtful—were found in two. Copepods, including

Calanus finmarchirus, Temora longicornis, and Metridia lueens occurred

in at least nine of the stomachs, and the remains of small fishes in one.

The viscera of these fishes was very oily, more so than those of any of

the others examined.

The food observed in the Moray Firth specimens was largely composed

of young Crustacea belonging to the Macrura; they occurred in the

stomachs of every one of the twenty specimens examined ; Ccdanus fin-

marchicus was also obtained in all these stomachs, but it was not so

numerously represented as were the young forms I have mentioned.

Other Copepods, such as Temora longicornis, Metridia lueens, and Gentro-

jjagus typieus, were occasionally noticed, as also were Eupagurus sp.,

Grangon sp., Hyperia galha, and Parathemisto obUvia. lb will be

observed that the organisms which constituted the chief part of the food

of these Norway Pouts from the Moray Firth were more truly pelagic

in their habits than the organisms which constituted the food of the

Haddock, but whether this difi'erence is the result of necessity or choice

it would at this stage be difficult to say.

The food observed in the stomachs of the sample collected in the

deep water off Aberdeen consisted chiefly of Sagitta and Galanus finmar-

cliicus ; Temora occurred in eight of the ten stomachs examined, and

Pseudocalanus elongatus in one ; Argissa hamatipes was found in two,

while Gastrosaccus spinifer and Pseudocuma (?) cercaria were each

observed in one. One stomach contained matter too imperfect for

identification. No young fishes, Mollusca, nor Starfishes were found in

any of the stomachs of this sample ; but the organisms of which the

food was composed, though differing somewhat markedly from those

composing the food of the Moray Firth sample, were forms which, like

them, were more or less distinctly pelagic. It will be understood that in

these remarks on the differences observed in the food of the different

samples the reference is not so much to individuals, but rather to the

group of species composing the food. Thus the food of the Moray Firth

specimens consisted chiefly of young Macrura and Galanus, to which were

added a few other forms, such as Metridia lueens and Temora longicornis,

the former being the more frequent of the two. In the food of the

Aberdeen sample, on the other hand, the young Macrura are replaced by
Sagitta, and Temora is about equal to Galanus in frequency and quantity,

but Metridia is altogther absent ; moreover, in place of Grangon and the

Hyperoidce we have Gasterosaccus, Pseudociima, and Argissa, yet the

organisms composing the food in both samples are mainly pelagic forms.

The following list contains the names of all the species observed so

far as they could be identified :

—

[Table.
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List of Species Found in the Stomachs of Gadns esmarkii.

Crustacea.
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noticed here because in the stomach of one of them, about 2^\ centi-

metres in length, I found a specimen of Conchcecia elegans, an Ostracod

only hitherto observed in Loch Etive on the West Coast, and very rarely

in the extreme North of Scotland.

Sclnstomydi< spiritus was frequent in the stomachs of twelve specimens

collected off Aberdeen on June 10th, 1901 ; Crangon allmanni, Aplieriisa

borealis, and Gammarus lociiMa were very rarely observed, while the only

species belonging to the Copepoda ol;)tained was Pseudocalanns elongatus.

OihopJeura was observed in four of the stomachs and was moderately

common in three of them, while Annelid remains occurred in five.

A sample of Whitings, collected about ten miles off Aberdeen on

September 3rd, 1901, jneasured from 10| to 19 centimetres in length.

One of these had nothing in its stomach that could be distinguished, but

the stomachs of four contained the following among other Crustacea :

—

Pandalus monfagui, Psendocuma cercaria, Ccdlisoma crenata. Argissa

hamatipes, Megamphopus cornutus, Calanus finmarcMciis, Pseudoccdanns

elongahis, Temora longicomis, and Metridia lucens ; Sagitta, and some
other Annelids were also observed.

Thirteen specimens from Aberdeen Bay, collected November 6th, 1901,

and measuring from 15 to 24^ centimetres, had very little food in their

stomachs ; Crangon vulgaris, jun., was observed in two ; so also were

Schistomysis inermis, Hyperia galba, and Garnmarus sp. (jun.). Remains
of Annelids were also observed in one or two of the stomachs, but any

food that was present was not very easily identified. The stomach of

one specimen, ^h centimetres, had a young flat-fish in its stomach, while

in the stomach of the flat-fish itself, Calamus and fragments of Bathy-

poreia sp. were obtained. The stomach of another specimen, 7 centimetres

long, contained Hyperia galba, Pseudoccdanns elongattis, and a few very

young Decapoda.

Fourteen specimens ranging in length from 9 to 14 centimetres, besides

two at 15:? cm. and one at 17 cm., were captured in 68 fathoms about

9 or 10 miles off Aberdeen, in November, 1901, and the examination

of these gave the following results; the smaller specimens were found to

have been feeding chiefly on Paratheniisfo oblivia—nearly every one

of them having some of these Crustaceans in their stomach—the speci-

mens were somewhat immature, but they all probably belonged to the

species named ; a few other species such as Craiigon allmanni, Paratylus

sp., Temora longicomis, and Metridia lucens were also noticed. The
stomachs of two of the larger specimens were empty, but the other con-

tained fragments of two iSpiro7itocaris securifrons.

Other twelve Whitings ranging from about 14 to 20 cm., collected

in Aberdeen Bay on November 29th, had scarcely anything in their

stomachs that could be identified ; but so far as the contents could be

made out, the fish appeared to have been feeding chiefly on Annelids

;

but a few fragments of species of Mysidje were also observed.

Schistomysis spiriius was the most common species in the stomachs of

Bome Whitings captured off Collieston on July 5th, 1901 ; Psendocuma
cercaria occurred in four of these stomachs and was abundant in one of

them ; Batliyporeia norvegica was present in one and Oikopleura in six.

A few other common forms were also observed.

Six specimens from Smith Bank, Moray Firth, measuring 20| to 27

centimetres, and collected June 5th, 1901, had very little in their

stomachs that could be distinguished. A female of Ampelisca assimilis

was about the only thing that could be satisfactorily determined ; while

the remains of small fishes, Annelids, and what seemed to be fragments

of a Crcmgon appeared also to form part of the food contained in these

stomachs—all being considerably decomposed.
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Ninety-seven specimens of Whitings from the Firth of Forth collected

during April and May of the present year (1901) included the following :

—A sample of twenty of medium size, measuring on an average about 25
centimetres (or 10 inches) in length, and collected in April, had com-
paratively little food in their stomachs, and what was of it was much
decomposed ; but so far as it could be identified it was found to consist

for the most part of Gixmgon. allnianni, with occasionally the remains of

Pandahix inontagui and small fishes. Two small Npphro/»:, i^^ centi-

metres in length (measuring to the end of the claws), were found in one

of these stomachs. A sample of smaller Whitings—sixty- two in

number—collected in April, and ranging from 12 to 15 centimetres in

leugtl), appear to have been feeding largely on small Crustacea at the time

they were captured ; every stomach was found to contain food, and some
stomachs were well filled ; Cnimjon was, as usual, one of the organisms
most frequently observed, and specimens suflaciently perfect to be identi-

fied were found to belong to Crangnti alhnanni ; Paudalus montagui
was also occasionally noticed. The Schizopoda were represented by
Erijtlirops goesii, which was the only species observed, and it was one

which occurred very often amongst the contents of the various stomachs.

The Sympoda was represented by several species, such as Leucon
ncmca, Eudorella truncatula, Diasfylis rosfrafus, and others ; the Leucon
was, however, the most common form. The Isopoda were apparently

rare, only one

—

Astarilla sp.—being obtained. The Amphipoda were

represented by a number of forms, the following being the most frequent :

—Ampelisca axsinulis, spimpes, and ^narrocej/hcda, Profo/nerJeia fasciata,

DidicJiia porrecfa, and others. The most common species of the Cope-

poda observed was Temora longicornis ; but CaJanus Jinmarchicus,

Pspudocalamis elongatus?, Longippdia coronata, and Rohertaonia tenuis

were also noticed. The parasitic Copepod

—

Caligus rapax—was found
mixed up with the other things in one or two of the stomachs. I do not

remember having previously observed Crdigus amongst the food of fishes,

but perhaps these specimens had been conveyed into the stomachs in

which they occurred from adhering to some object which the fish had
captured. Larval Balani (cypris stage) were not uncommon, and the

Ascidian

—

Odiopleura— was also found in nearly all the stomachs

;

Annelids, on the other hand, were rarely obtained. I give the following

as examples of the contents of some of the stomachs, in order to show the

variety of organisms sometimes found in them ;

—

(1) Grangon allmanni, Erytlirops goesii, Ijeucon nasica, Diastylis (1)

lucifera, Diasfylis rodrafa, Ampelisca^^., Periocidodeslongimamis, Melita

sp., Pfotomedeiafasciata (male and female), Temora longicornis, Longi-

pedia coronata, and lioberfsonia tenuis.

(2) Crangon allmanni, Leucon, Diasfylis, Ampelisca sp. (1 spinipes),

Calafiu^ Temora (male), Oikopletira,

(3) Eryfhrops goesii, Leucon, Diasfylis, Eudorella emarginata, Ampe-
lisca, Dulichia falcafa, Pseudocalanus, and Longipedia coronata.

A considerable difference, when compared with the sample just referred

to, was observed in the food of some Whitings from the Firth of Foith,

collected on May 13th, 1901 ; the average length of these specimens was

about seven inches (17g centimetres). The food of this sample consisted

largely of Schizopods (^cliif<fovi!/.-<is siyirifux and ortmfns), and Oikopleura

was also abundant in several of the stomachs. A specimen of Gohius

minufm was found in one stomach, and a yo\m^ Eupaguru^ s\). and a speci-

men of Metopa alder i in another, but otherwise the food, so far as it could

be identified, consisted almost entirely, if not altogether, of Schizopods

and Oikopleura. From the occasional frequency and even abundance of
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these small tadpole-like Ascidians in the stomachs of fishes, it is evident

that, though minute, they are by no means unimportant as fish food, and

especially when it is found that even comparatively large fishes feed upon

them. It is also interesting to note that the Sagittaj, which seem

undoubtedly to prey on the smaller larval and post-larval fishes, are them-

selves devoured, sometimes in quantity, by fishes of larger size.

The annexed Table contains the names of the various organisms which

have been found to constitute the food of Whitings :

—

Crustacea.
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The Food of Whitings—continued.

>17

Crustacea. Other Things.

Gheirocrates sp.

MegamphopMs cornutus, Norman.
Microprotopus iiiaculatus, Norman.
Protomedeia fasciata, Kriiyer.

Didichia porrecta, Spexice Bate.

,, falcata, Spence Bate.

,, monocantha, Metzger.
Oijthere porcellanea, G. S. Brady.

,, tubercidata, G. 0. Sars.

Cytheropteron humile, G. S. Brady and Norman.
Aderope mariw (Baird).

Philomedes interpunda (Baird).

Gunchcecia elegans, G. O. Sars.

Calanus Jinmarchicus (Gunner).
Pseudocalanus elongatus, Boeck.
Temora lonyicornis (O. F. Miiller).

Metridia hicens, Boeck.
(Jundacia pedinata, G. S. Brady.
Longipedia coronata, Claus.

Bmdya typim, Boeck.
Rohertsonia tenuis (Brady and Robertson).
Galigus spj.

Balanus (cypris stage).

Megalops and other young forms of Crustacea.

Saithe or Green Cod. Gadus rirens, L.

The stomachs of four moderately large specimens, kindly handed over

to me by Dr. H. C. Williamson, were examined, and gave the following

results :

—

(1) The stomach of a Saithe, 90 centimetres (36 inches) in length,

contained one Haddock 28yLj centimetres (11 1 inches) long, one
Whiting 244 centim.etres (9| inches) long, two other round fishes

(1 Whitings) which measured about 20 and 26j\ centimetres (8 inches

and 10| inches) respectively, and the backbone of another round fish of

moderate size.

(2) A Saithe, obtained in the Fish Market at Aberdeen, and which was
slightly larger than the last, had in its stomach a Long Rough Dab 18^
centimetres (7^ inches) in length.

(3) The stomach of another specimen from the Fish Market, and which
measured 88 centimetres in length, contained the remains of fishes, but
they were too much decomposed for identification.

(4) The fourth specimen, which was a male, and was also obtained at

the Aberdeen Fish Market, appears to have been specially voracious
;

eight fishes were removed from its stomach, the dimensions of which were

as follows :—One Common Dab 18 centimetres (7i inches) in length, and
seven Whitings ; two of the Whitings measured each 25 cm. (lOin.) in

length, one measured 27 cm. (lOiin.), one 19 cm. (7iin.), one 14i cm.
(54in.), one 12 cm. (44in.), and one 11 cm. (4|in.)in length respectively.

Lythe or Pollack. Gadtcs pollachiuSy L.

A considerable number of Pollacks have been examined— about ninety-

two altogether—but the food contained in the stomachs of a number of them
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was too imperfect for satisfactory identification. In the stomach of a Pollack
captured in the Bay of Nigg in the nets of tlie salmon fishers on February
19th, 1900, the remains of several small fishes and Schizopods (Schis-

toinysis spiritus) were observed. The following Crustacea were obtained
in the stomach of another Pollack received from the salmon fishers on
April 2nd, 1900, viz. :

—

Idofhea emarginata, Idothea hcdfica, Idoiliea

pelagica, and Idothea linearis; Amathitla homari, Parajassa pelagica,

CapreUa septentrionalis, and fragments of some other species. There
was also a post-larval Eel in this stomach. Two stomachs
obtained from the salmon fishers—one on April 16tli and one on the
17th— contained the following organisms :

—

Idofhea pelagica, Idothea
emarginata, and Idothea linearis ; Amatliilla homari, Hyale nilssoni,

Gaprelta septentrionalis, and remains of other Amphipods. A young
Pollack about 47 1 centimetres (19^^^ inches) in length was re-

ceived from the salmon fishers on April 18th, and in its stomach the

following Crustacea were obtained :

—

Schistomijsis spiritus, Idothea
tjaltica, Idothea pelagica, Idothea emarginata, Q.ndi Gaprelta septentrionalis,

as well as the remains of some Annelids. In the intestines of this fish

over two hundred specimensof the cestoid parasite

—

Echinorhynchasaciis—
were obtained, as well as a few nematodes. Another stomach received on
April 19th contained an immense number of CapreUa septentiionalis, as

well as the remains of other Crustaceans and of Sand-eels. In a stomach
received from the salmon fishers on June 6th the remains of Amphipods,
the genus and species of which were doubtful, was the only food

observed.

In the stomach of a Pollack received from the salmon fishers in July
of this year (1901) CapreUa sepdentrionalis was again common. The
frequent appearance of this CapreUa in the stomachs of these fishes

seems to indicate that it must be more or less abundant somewhere in the

vicinity of the Bay, and that it is a favourite kind of food with the

Pollack.

A Pollack about 27 centimetres in length, taken in 60 fathoms otf

Aberdeen on October 3rd, 1901, had the following organisms in its

stomach :—A small round fish too imperfect for identification (its length

would be about 9 centimetres), three or four Pandalus montagui, a few
small Decapods (sp. ?), Hyperia galba, and a few Schizopods belonging to

Mysidse.

The following organisms were obtained in the stomachs of four

Pollack taken in St. Andrews Bay in the salmon fishers' nets during May,
1901. These specimens measured about 43, 50, 51, and 62 centimetres

in length respectively. The stomach of the first contained the remains of

fish, one or two small Cephalopods and Crustacean and Annelid
remains, but not sufficiently perfect for satisfactory identification. The
second contained a large Sancl-eel, Ammodytes sp. The third contained a

specimen of Onos sp. {Motella) about 12 centimetres long; but in the

fourth there was nothing that could be identified.

A sample consisting of six specimens which were sent from Giivau,

Firth of Clyde, in May, 1901, had scarcely any food in their stomachs
that could be satisfactorily identified. The specimens measured from 27
to 28 centimetres in length, and the stomach of one of them contained a

small Lahrux, very imperfect ; while the remains of Crustacea (probably

of Crangon sp.) were observed in three. The contents of the other two
stomachs were very much decomposed. Three specimens were sent from
Girvan on October 15th, 1901, the length of which measured 23 1 cm.,

33 cm. and 43 cm. respectively. The food contained in the stomachs of

this sample consisted entirely of the remains of small Herrings or Sprats

about 3 inches (75 mm.) long.
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The annexetl Tabic contains the names of various organisms observed in

the stomachs of the various Pollacks examined :

—

Organisms Observed in the Stomachs of Pollacks.

Crustacea.
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five specimens of a Bomolochus taken from the gills and gill-covers of

one of these Rocklings, appear to belong to a new species.*

The annexed list contains the names of all the organisms observed :

—

List op Specibs in the Stomachs of Fivb-bearded Rocklings.

Crustacea.
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The annexed list contains the names of all the organisms observed :

—

List of Organisms from the Stomachs of Greater Sand-eels.

Crustacea. Other Things.

Calanns finmarchicAis (Gunner).
Pseudocalanus elongatns, Boeck.
Temora longicornis (O. F. Miiller).

Gentropages typicus, KrOyer.
Ectinosoma sp.

Stenhelia sp.

Lichoviolgus sp.

Balanus (cypris stage).

Young Mytilis.

Long Rough Dab. Drepanopsetta platessoides (Fabr.).

The stomachs of one hundred and five Long Rough Dabs, chiefly small

specimens, have been specially examined ;
twenty-eight from the Shetland

district were collected on Se"ptember 4th, 1900, and other five on May
17th, 1901 ; sixty specimens from the Firth of Forth were collected in

May, 1901, and other six on July 13th. Six specimens from deep water

about ten miles off Aberdeen were collected on September 3rd, 1901.

The food observed in the stomachs of the specimens from Shetland,

which were collected sixty-five miles south-east of Sumburgh Head on

September 4th, 1900, was in some cases largely composed of the remains

of Annelids,\while in others it consisted chiefly of Starfish remains.

The length of the specimens ranged from 4^'^, cm. to 16 cm., but fully

57 per cent, were under 10 cm., and it was the food of the larger

specimens that was composed chiefly of Annelids, while that of the smaller

consisted for the most part of small Starfishes (Ophiurids). Small Crustacea

were also moderatel;^ frequent in the stomachs of both the larger and smaller

fisiies, but Mollusca were rarely obtained. The Crustacea included

examples of several groups. The Decapoda were represented by small

Hermits, the species of which could not be clearly made out ;
Erytlirops

serrafa represented the Schizopoda, and Hemilamiyrops rosea a.nd Diasfyhs

sp. the Sympoda. The Amphipoda comprised several species, such as

Hij^pomedondenticidahis^HaHmedoiipan^imanihs^Amiieliscamacrocppliala,

the rare DuUchia monacantlui, and others. Cyflipre dunelmemis and

liyfhocythere simple.'- represented the Ostracoda, but the only Copepoda

observed were Calanus fintnarchicus and "Temora longicornis. The second

sample from Shetland was from 8-5 fathoms and collected on May 17th,

1901 ; the specimens of this sample measured 71, lOJ, 12^ 14^, and 18|

centimetres respectively. In the stomach of the first two, specimens of

Leucon nasica and some other Crustacean remains were observed ;
in the

stomach of the second there were two small specimens of Natica and of

two other small univalves (imperfect), all of them containing Hermit Crabs

;

the stomach of the third contained two Naticas and a few very young

Fusus sp., all with Hermits ; the fourth had in its stomach several small

Naticas, one specimen of the somewhat rare Adeorhis subcarinafus and a

Trophon (or Difrancia) sp., all of which had small Hermits located in

them ; in the stomach of the fifth, a specimen of Anapagurus livvis was

found occupying the shell of a small Natica, and there were also one or

two small Fusus containing hermits, even the shell of a Ditrupa was

observed which had been utilised by a tiny Hermit ; this last was the only
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stomach of the present sample in which the remains of Starfishes were

observed.

Of the sixty specimens from the Firth of Forth collected during May,

1901, thirty-four measured from 7^ to 9^ centimetres and twenty-six

from 101 to 19^ centimetres in length. Crustacea formed the principal

part of the food of all the specimens, the only difference was that

Ostracoda and Copepoda, which were frequent in the stomachs of the

smaller fishes, were seldom observed in those of the larger. The remains

of Annelids were not very commoa, and Starfish remains were rarely

noticed. The shells of small univalve Molluscs containing Hermits were

met with in one or two of the stomachs. The variety of the Crustacean

species was considerable, but none of the larger Decapods were obtained,

Crangon (1) allmcmni, which was not observed very often and was usually

in a more or less fragmentary condition, was the largest of the Crustacea

noticed. Eri/fJirops goesii, Schistomysis ornata, 'and Leucon nasica

occurred very frequently ; Pseudocuma cercaria, Diadylis lucifera, and

one or two other species of Sympoda were also observed. No Isopod

species was obtained in the stomachs of this sample. The Amphipoda
were represented by a number of species, some of them being rare forms

;

their names are all entered in the tabulated list, but a few may be given

here :

—

Ampelisca macrocephaJa, Ampelisca hrevicornis, Haploops
tuMcola, AmpMloclms tenuiraanus, Cheirocrates sundewalli, Protomedeia

fasciata, Didicliia mo7iacantha (not previously noticed in the Firth of

Forth), and others. Bytliocytliere simplex and Oythere dunelmensis.

belonging to the Ostracoda, were occasionally noticed, so also were the

two species of Copepoda

—

Longipedia coronata and Rohertsonia tenuis.

Other things observed included larval Balani (cypris stage) and several

Anemones. The sample of Long Rough Dabs from the Firth of Forth
collected at Station V. on July 13th, which were all under 10 centimetres

in length, did not have very much food in their stomachs, and what
was of it consisted chiefly of Crustacea. Ampelisca assimilis and
Erichthonius deformis were observed in these stomachs and were the

only species satisfactorily identified.

Six specimens from the deep water off Aberdeen collected on September
3rd, 1901, had an average length of about 13 centimetres. The food

contained in their stomachs was very similar to that observed in the

specimens from the Firth of Forth.

The following list contains the names of the various organisms referred

to in the preceding notes :

—

List of Species Found in the Stomachs of Long Rough Dabs.

Crustacea.
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List of Species Found in the Stomachs of Long Rough Dabs—continuid.

Crustacea.
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The names of the various organisms are given in the tabulated
list annexed :

—

Species Found in Stomachs of Sail Flukes.

Crustacea.

Remains of Decapods.
Eupagurus sj).

Nika edulis, Risso.

Crangon (?) allmanni, Kinahan.
Remains of Euphausiidae sp.

Erythrops serratus, G. O. Sars.

Ampelisca hrevicornis (A. Costa).

Other Things.

Sepiola sp.

Remains of Anne-
lids.

ScALD-PisH, Platophrys laterna (Walb.).

A single specimen from the Clyde was captured between Rhuad Point
and Ailsa Craig in 22 to 25 fathoms on October 4th, 1901, and measured
about 12|^ centimetres. A few fragments of Grangon allmanni was the

only food observed in the stomach of this specimen.

Plaice. Pleuronectes platessa, L.

Two hundred and twenty-six Plaice, most of them small, have
been examined.

Eighteen specimens from the Moray Firth, collected ou May 18th,

1900, and measuring from 7i to 20 centimetres, appeared to have been
feeding for the most part on Lugworms, Arenicola sp., as the food

contained in their stomachs, as far as it could be distinguished, consisted

of the remains of these Annelids.

One hundred and thirty-five specimens were from Annan (Solway Firth),

and were collected on April 30th, 1900 ; eighty-two of these specimens were
under 10 centimetres in length, while the other fifty-three I'anged from

10 to 19 centimetres. The stomachs of nearly all these fishes contained

food, but it was in many instances too imperfect for satisfactory

determination. The organism which composed the principal part

of the food of the smaller specimens was Eurntemora celox, one of the

Copepoda. Corop/mim grossipes, remains of Schizopods (Mysidae), larval

Balani, fragments of lamellibranch shells and of polychfete worms were

also occasionally observed. The food of the larger Plaice, on the other

hand, consisted for the most part of small lamellibranchs, such as

Tellina (chiefly T. haltica), Gardiuni sp. (probably young C. edtde and
C. fasclatnm). Copepods were rarely observed in the stomachs of the

larger Plaice. Another sample from Annan consisting of twenty-four

small specimens, ranging from 3f to 4| ceirtimetres in length and
collected on June 26th, exhibited, as regards their food, a somewhat
remarkable contrast to those previously examined which were collected in

April. The food in the stomachs of the present sample consisted entirely

of the Copepod Jonesiella spimdosa, one of the Harpacticidse ; this

species occurred in considerable numbers in almost all the stomachs in this

sample. In the stomachs of another sample from the same place and
collected at the same time, but ranging from 7 to 7^ centimetres

in length, Jonesiella was again of frequent occurrence, but a second

Harpactid

—

Canuella perplexa— was also moderately common; specimens
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of Ci/there (?) ppllucida Averc occasionally noticed, as \Vell as a few

Foraminifera and fragments of Crangon vulgaris. A further sample of

seven fishes, which measured from 10 to 15 centimetres, had Annelids in

the stomachs of five of them ; Amphidottcs sp. was observed in one, but

the contents of the others could not be distinguished. Eighteen
specimens, also from Annan, and collected on July 30th, 1900, had very

little in their stomachs, the only organisms identiiied being sn)all

lamellibranchs {Cardium sp.), Gasteropods (liissoa sp.), Canuella

perplexa, the remains of one or two Amphipoda and small Annelids.

In the stomach of a moderate-sized Plaice obtained from the fishermen

at the Bay of Nigg on March 29th, 1900, the following species were
obtained:

—

AmatliiUa homari, Gamwarus locusta, Idothea baltica and
Idothea emarginata; while in the stomachs of a few Plaice, also of moderate
size, taken in the Bay of Nigg on April 11th, 1901, only the remains of

Annelids were observed.

The names of the o]'ganisms from the stomachs of the Plaice referred to

in the preceding notes will be found in the annexed Table :

—

Species Found in the Stomachs op Plaice.

Crustacea.
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ent absence of food in the stomachs of Lemon Soles, it is interesting to

note in the work by Professor P. J. van Beneden on the Fishes of the

Coasts of Belgium, already alluded to, that the author in speaking of

these fishes remarks :
—" Nous ne connaissons done ne leur pature ni les

vers qui les hautent," and again—" Nous avons eu, au mois de juin,

I'occasion d'en etvidier deux examplaires provenant de la cote de Norwege,
tons les deux tres-frais ; ils ne contenaient riens dans leur estomac, ni

aucun parasite sur les branchies et dans les intestines." *

Common Dab. Pleuronedes limanda, L.

Sixty-eight specimens of Common Dabs have been examined, forty-

one from Aberdeen Bay, seven from the Firth of Forth, and twenty from
Annan.
Two from a sample collected in Aberdeen Bay in September, 1900, had

some Amphipods and the remains of Starfishes in their stomachs, but
they were not sufficiently perfect for identification. The stomachs of

eighteen specimens captured in the vicinity of Aberdeen on September
20th and 25th, 1900, and ranging from 10 to 30 centimetres in length,

were all found to contain food, and there was no appreciable difference in

the food of the smaller from that of the larger specimens, which, in all of

them, consisted principally of brittle Starfishes in a very fragmentary

condition. In some cases the food consisted entirely of Starfish remains,

but in a number of the stomachs of a few other things were also observed.

In one a young hermit was obtained, and A2Jhe7'tisa borealis in another.

Pariamhus typicus was noticed in several, and the remains of other

Crustacea not perfect enough for identification
;
young Mollufcs—such as

Cardium echinatum—and Annelid remains were also occasionally

observed. Paratylus falcatus, a somewhat rare Amphipod, was obtained

in the stomach of a specimen about 13 centimetres in length. The food

contained in the stomachs of another sample from Aberdeen Bay, col-

lected on June 10th, 1901, exhibited a greater variety in the organisms

of which it was composed. The number of fishes in this sample was
twenty-one, arid they w^ere mostly of small size ; none of them reached

six inches in length, while the smallest measured about three inches (or

from 7^ cm. to about 14| cm.). Annelids and brittle Starfishes

formed the principal part of their food, but there were also a considerable

number of other things observed, as shown by the following examples :

—

A Dab, 14J cm. in length, had in its stomach Montacuta ferruginosa,

Veriits fasciafa (jun.), Mya arenaria (jnn.), Chiton sp., Philine scahra,

Pariamb7is typicus (and some other Amphip)ods— the fragments only

remaining), several Cytliere (?) confusa, Opliiwra alldda (there were
fragments of this and probably also of another species), and a few speci-

mens of Miliolina semimdwn. In the stomach of another were found
the remains of Starfishes (Ophiuroids) and Annelids ; Mefopa rubro-

vitfata, Aphei'usa borealis, Cythere confusa, and other Crustaceans.

ApJientsa borealis occurred in several stomachs ; Leucothoe lilljeborgii,

Argissa hamatipes, Microj^rotopus macidatus, Pulichia sp., and a few
other Amphipods were also obtained, but they were all more or less

damaged. Young Mysidae were observed in some of the stomachs, but
no Isopods were met with. In view of the difference between the food

observed in the stomachs of these Dabs and that obtained in the stomachs

of previous samples, the question may be asked:—Was the difference due
to a greater variety of suitable organisms on the ground Avhere these

Dabs were feeding, or was the difference the result of more or less

deliberate choice—the fishes being more inclined to feed on certain

* Les PoisKons des Votes de Behj!qt(e, p. 77.
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organisms at one time, while at another time they preferred different

forms 1 Probably the food present on the ground determines, to some
extent, the kind of organisms that are to be found in the stomachs of

such fishes as are at least j^artly or wholly omnivorous.

A sample of twenty small Dabs—some of them being under two inches

in length—were sent froni Annan on April 30th, 1900. The food of

this sample consisted of small lamellibranchs and other Molluscs ; Amphi-
pods such as Bafhyporeia sp., Corophium (jrossipes, and Gammarus ; and
a few Copepods,chiefly Eurytemora, were also observed, besides fragments
of Annelids, Zoophytes, etc., but nothing very particular was noticed.

The stomachs of seven specimens from the Firth of Forth, collected on
^lay 13th, 1901, contained several smsdl Enpagicrus {1 cuanensis), several

Ampelisca sp., Stenothot marina, Paramphitlio'e monocuspis, Cheirocrates

intermedius, and DuUchia falcata, and also some remains of Annelids.

The names of all the species will be found m the list annexed :

—

List op Organisms Found in the Stomachs op Common Dabs.

Crustacea.
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viz. :

—

Idothea haltica, pelagica, and emarginata^ and also Gammarus
locusta. The stomachs of eleven specimens were obtained on the 23rd,
and five of these contained only a little digested matter ; one was full of

small Annelids, with the addition of a Crangon vulgaris, while the food
contained in the other live was composed of Annelids and Amphipods
{Gammarus (1) locusta chiefly).

A small Flounder from Annan, collected on April 30th, 1900, and
measuring slightly over 13 centimetres, had its stomach and intestines

filled with Corophium grossipes. Two other specimens, somewhat larger

(about 17 to 19| cm.), from the same place, and collected at the same
time as the last, had numerous fragments of TeUina baltica and a few
small Cardium sp. in their stomachs.

In the stomachs of several of the Flounders obtained at various times

from the salmon fishers at the Bay of Nigg, small Portmms {P. liolsafus,

jun.), Idothea emarginata, Idothea jyelagica, Paratylus swammerdami,
and Amathilla homari were observed. The names of the different species

are given in the Table :

—

Species Found in the Stomachs of Flounders.

Crustacea.
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two stomachs), and Dendronotus sp. (once). Tomopteris (one of the

Annelida) was obtained in three stomachs, and in one of them a con-

siderable number of this curious species was found, the tube of a species of

Pedinaria was also noticed. The Crustacea comprised the following

amongst other species :

—

Crangon allmanni, which was obtained in six

stomachs, and a young Portuniis in one ; Ampelisca macrocephala occurred

in one, and Stenothoii marina in six. Proto pedata was observed in five

stomachs, many specimens being found in one or two of them ; DuUchia
sp. and a few other Amphipods which could not be satisfactorily

determined were also observed. The only Copepod noticed was Longi-

pedia coronata, and it occurred irr only one of the stomachs examined.

In only one stomach were the remains of Stai'fishes observed. All the

stomachs contained food, and the names of the organisms observed in

them are given in the annexed Table :

—

Species Observed in Stomachs of Hebridean Smelt.

Crustacea.
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centimetres in length. The only food observed in the stomachs of this

sample consisted of larval Crustaceans.

The Herrings from the Firth of Forth measured from four to nearly

five inches (10 to 14^ cm.) in length ; the stomachs of all the specimens

contained food which for the most part consisted of pelagic Copepods
and larval Balani (cypris stage). Oiliojjleurce were moderately common
in at least eight of these stomachs. The Copepods most frequently

observed were Pseudocalamis elongatus, Temora longicornis, and
Cenfropages hamatus ; Podon leuckartii (G. 0. Sars), one of the Cladocera,

was also of frequent occurrence. A few other organisms were occasionally

noticed ; but those mentioned above formed the chief constituents of the

food of this sample of Herrings.

In June, 1900, a shoal of young Herrings came into the Bay of Nigg

;

fifteen of them, collected on the 19th, and measuring from 5|- to 6|-

centimetres, were examined, and the food contained in their stomachs was
found to consist entirely of Copepods, some of which were pelagic, while

others were demersal forms. The species identified were Temora longi-

cornis, Idya furcata. and Dactylopus tishoides.

A small lot of average-sized Herrings, collected off Aberdeen on

August 14th, had apparently, like those from the Bay of Nigg, been
living entirely (or largely) on Copepods—no other organisms being

observed in their stomachs—but the specimens were scarcely perfect

enough for identification.

A sample of Herrings from Aberdeen Bay, collected on November
11th, 1900, and measuring from 13 to 14| centimetres in length, had
nothing in their stomachs that could be identified. Another lot, also

from Aberdeen Bay, and comprising thirty-one specimens, measuring

from \2\ to \fi\ centimetres, were collected on December 17th, 1900.

The stomachs of all these specimens contained a considerable amount of

food, which consisted very largely of Paratheniisto ohlivia and Sagitta

;

Calanus jfi7imarchicus occurred also sparingly in nearly all the stomachs;

but this species, except in a very few examples, formed but a small propor-

tion of the food. Temoralongicornis, Metridia hicens, Candacia j^edinata,

and fragments of a Schizopod ("Euphausida") were occasionally observed,

but, as already stated, the principal constituents of the food of these

Herrings were Paraihemisto and Sagitta. It will be observed that the

food of this sample of Herrings is in marked contrast to that

found in the stomachs of those previously described. I do not remember
having formerly observed Sagitta so plentiful in the stomachs of fishes as

a constituent of their food. Many observations have been made on the

food of fishes, but they were frequently made under conditions that did not

admit of exact microscopical examination, and the presence of Sagitta may
have thus at times been overlooked. It has also to be remembered that

the Sagitta, like other creatures not protected by a chitinous or calcareous

test, are readily acted upon by the gastric fluid and soon become
unrecognisable, so that unless the fish had been feeding on these organisms

shortly before or about the time it was captured they may become so

much decomposed as to be indistinguishable.

In order to indicate more clearly the peculiar character of the food

found in the stomachs of these Herrings I subjoin a short extract from the

records made when the fish were examined :

—

[Table.
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Size of
Fish.

13-0 cm.
12-7

14-4

14-7

14-7

14-5

Kind of Food.

Sagitta, few
;

„ numerous
,, numerous

;

,, frequent;

„ frequent;

,, numerous

;

Porathemhto, none

;

,,
frequent

;

,,
frequent

;

„ few

;

,,
common

;

,,
frequent

;

Calami. s, frequent

, . few.

,
, rare

;

,
, few.

,
, few.

„ few

;

Metvidia, very rare.

Temora, rare.

Temora, rare.

The records for the whole thirty-one stomachs are very much a

repetition of the part here given, and the peculiarity of the food contents

will be more noticeable when compared with the food of the next sample

of Herrings, which are also from Aberdeen Bay, but which were collected

on June 10th of the present year (1901). In this sample there were
eighteen Herrings, the lengths of which ranged from 13 to 16| centi-

metres, and their food consisted very largely of pelagic Copepods, the most
common form being Temora lonyicornis, a species which in the last

.sample held a very subordinate place as a constituent of their food.

Pseudocalanus elongatus was moderately frequent, but larval Balani

(cypris stage), though found in a considerable number of the stomachs,

were not very numerous ; on the other hand, /S'c/w'siomysis spiritus, which
only occurred in a few stomachs, was coinmon or abundant in one

or two of them. Oikopleura, which were common in the stomachs of

some of the Herring from the Firth of Forth, were also moderately

frequent in the stomachs of this lot. Subjoined is part of the notes made
when this sample of Herrings was examined, as it will show more clearly

the contrast between their food and the food of the previous sample :
—

Size of
Fish.

Kind of Foop.

15 '8 cm. Copepods, frequent (refnora and Pseudocalamw); yoxm^ Balani,t&K\ Oikopleura, many.
14-8

14-0

15 "2

13 '0

16-5

common ( „ (chiefljO. i. )l
"

>.
"

i. few; ,, many,
frequent ( ,, and „ ); ,, >> none; „ none,
abundant ( ,, (chiefly), ? ) \ Schistomysis spiritus, coravaoa.
»bundant( ,, (chiefly), none ); ,, ,, abimdant.
few ( ,, and Pse^t,docalan%is); young Balani, t^v!.

Four specimens captured off Collieston on July'5th, 1901, measured 14,

14, 14^, and \hh centimetres respectively, and the food observed in

their stomachs was as follows :

—

(1) Copepods, frequent (i4ca?-<ia sp.) ; Podon sp., very rare; young
Bcdani, very few.

(2) Copepods, frequent (they appear to be mostly Acartia sp. and
Pseudocalanus elongatus) ; remains of a Schizopod ; Podon sp., very

rare ; a minute Gasteropod ; and a few young Balani.

(3) Schizopods, numerous (chiefly Scliistomysis sjnritus) ; Pseudocuma
cercaria, rare ; Pseudocalanus elongatus, few ; Acartia sp., frequent

;

young Balani, rare.

(4) Copepods, frequent (they appear to belong mostly to Acartia)
;
young

Balani, very few.

The names of all the species observed in the stomachs of the Herrings

examined are given in the annexed list :

—



532 Part III.—Tioenticth Annual Report

Species Found in the Stomachs of Herrings.

Crustacea. Other Things.

Young Decapods.
Schistomysis spirihis, Norman.
Neomysis vulgaris (J. van Thompson).
Macropsis slabheri (P. -J. van Beneden).
Pseudocuma cercaria, P. -J. van Beneden.
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Species Found in the Stomachs of Sprats.

Crustacea.
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was observed in the stomaclis of those collected last that could be

identified, but the stomachs of the other five contained partly digested

Sticklebacks, Gasterosteus aculeatus; several of these little fishes were

observed in the stomach of the largest Eel, which was about 90^
centimetres in length.*

Conger Eel. Conger niyer (Risso).

The following are records of the food observed in the stomachs of five

specimens of Conger niger. Several others have been examined but as no

food was observed in their stomachs they are not mentioned here. A
specimen from Loch Fyne weighing 26 lbs., and captured in September,

1900, had in its stomach a partly digested Coitus sp. and several Gobies.

The stomach of another, but smaller, specimen, captured at the.same time as

the last, contained three Cottus sp. and the remains of a shore Crab,

Garcinus mcenas, and of a Hermit Crab, Eupagurus sp.

The stomach of a specimen obtained from the salmon fishers at the

Bay of Nigg on July 23rd, 1900, and measuring 48^ inches (fully 112

cm.), contained an Octopus vulgaris, which was about 13^ inches (nearly

24 cm.) in length, measuring from the posterior end to the extremity

of the tentacles.t A specimen was obtained from the salmon fishers on

August 16th, 1900, which measured 57^ inches (about 144 cm.) in

length and weighed 18 lbs., and in its stomach was found a partly digested

Mackerel and the remains of Decapod Crustacea, too imperfect to be

identified. In the stomach of another specimen which was also obtained

from the salmon fishers, and which measured 61 inches long and weighed

32 lbs., the remains of fish and fragments of Cancer pagurics were

obtained. On the outside surface of the stomach of this specimen were

fascicles of minute globules resembling Myxosporidmm congri (a

Sporozoon).J

Great Pipe-fish. Syngnathus acus, L.

Twenty-four specimens from Annan, collected in April and May, ] 900,

and measuring from 13 to 16^ centimetres, have been examined, and in

the stomach of one of them a number of young Mysidfe were observed,

but the food of all the others consisted entirely of Copepods, Eurytemora

velox being the only species observed.

Straight-nosed Pipe-fish. Neropliis aquoreus (L.).

The stomach of a specimen 14 inches long, sent from Annan, collected

April 30th, 1900, contained numerous specimens of young Mysidas, but

they were too young aud too much decomposed for more particular

identification.

* Van Beneden, referring to the pre.«ence of Eels in the reservoirs that had been
prepared for Lobster culture, states that they are dangerous enemies of these

Crustaceans, and, speaking generally of the food of Eels, he remarks:—"On peut dire

que tout ce que a vie est devor€ par ce poisson. II n'y en a pas de plus vorace. Les

Crustaces memos, les Ecrevisses et les Homards deviennent leur proie."

—

{Les Poissons

des Coles de Belg'ujae, p. 82.)

fProf. P.-J. van Beneden also records Octopus vuhjaris in the stomach of a Conger,

and adds:—-"Nous en avons trouv^, au mois de Janvier, un Poulpe complet, remplissant

tout la cavite de I'estomac."

—

Les Poissons des Cotes de Belgique, p. 82.

XMyxosporidinm congri, Perugia, Boll. Sci., Pavia, vol. xiii., pp. 24, 25, figs. 15-20
;

see also Dr. Gurley's Memoir on Psorosperms of Fishes in the Report of the United States

Commission of Fish and Fisheries, 1892 (pul). 1894), p. 182, pi. 6, figs. 3-8.

§Van Beneden, o/;. cit., p. 89, states that the food of Syngn^ithus ants is Crangon
vulgaris, and that the same Crustacean forms also the principal food of the next species

(NeropMs cequoreus), but he adds that he had obtained, in addition to the Crangon, a

dozen young fishes which he had not been able to determine.
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Grey or Blue Skate. liaia baits, L.

The examination of the stomachs of nine specimens of Rccia hatis gave

the following results—three stomachs of moderate-sized fish obtained at

the Fish Market, Aberdeen, on March 21st, 1901, contained partly

digested Pandalus montagui and the remains of other Crustaceans, but
they were too imperfect for identification. The stomachs of two of

average size were obtained at the Fish Market on April 9th, 1901 ; one of

them contained the remains of fiat-fishes, Whitings, Crangon vulgaris, and
Nika edidis, the other contained one Common Gurnard, two fiat-fishes,

and the remains of two Portunus liolsatus, but they were all very imperfect.

Three stomachs which were obtained at the Fish Market on April 11th,

1901, contained the remains of fishes (Whitings and others), but too

imperfect for identification.

The stomach of a Grey Skate measuring 15 inches across the pectoral

fins, collected in the deep water (65 fathoms) off Aberdeen, contained

the remains of Crangon allmanni and Pandalus montagiti.

Van Beneden, referring to the food of Raia hatis, remarks that
" Ce poisson devore tout,'"' and gives the following list of fishes that he
had found in their stomachs :

—

Callionyinus Igra; Gadus morrliua,

jun., Gadus teglejiniis, Gadus merlangus, and Pleuronectcs platessa, L.

Portunus holsatus, Loligo vidgaris, and Solen ensis were also among the

organisms obtained by him.* Day also refers to the voracity of the

Grey Skate, and states on the authority of !Mr. Dunn of Mevagissey that

a stone of nearly a pound weight was taken from the stomach of one

of these fishes.

t

Shagreen or Fuller's Ray. Raia fullonica, L.

The stomachs of three specimens of Fuller's Ray, obtained at the Fish

Market, Aberdeen, contained a Portunus holsatus (with a sacculine

parasite attached to its abdomen), Spirontocaris securifrons, Nika edulis,

Pandalus montagui and a fragment of Scalaria sp., which had within it

a partly decomposed Hermit Crab. The stomachs of other four specimens

were obtained at the Fish Market on April 9th ; and one of them
contained a Sand-eel 14 centimetres in length and also the remains of

another small fish ; one contained three Sand-eels fairly perfect as well

as the remains of a few others, and a Crangon allmanni ; a third stomach

contained fish remains (probably of small Haddocks) and a Schizopod,

Gastrosaccus spinifer ; \ih.\\.e in the fourth a male Callionymus lyra 12

inches (30 cm.) in length Avas obtained. Another stomach, received on
April 11th, contained the remains of fish, but they were too imperfect

for identification.

Thornback Skate. Raia clavata, L.

Two young specimens of Raia clavata captured in Aberdeen Bay on
July 3rd, 1900, had some food in their stomachs which consisted chiefly

of Ampliipoda, but the only species identified were Hippomedon
denticulatus and Batliyporeia norvegica.

The stomachs of two Thornback Skates obtained at the Fish INIarket,

Aberdeen, on April 11th contained Eupagurus hernhardus and the

remains of some fishes not perfect enough for identification.

Three small Thornbacks captured in the Firth of Clyde on October

4th, 1901, and measuring respectively 18^, 22, and 23 cm. across the

* Op. cii., p. 16.

f Brit. Finhes, vol. II., p. 3.37.
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pectoral fins, had each a small quantity of food in their stomachs which

consisted entirely of Annelids and small Crustacea (apparently Crangon),

but the food was too imperfect to be satisfactorily determined.

P. -J. van Beneden remarks {pp. cit., p. 18) that he has, in the month
of April, found the stomachs of young Rccia clavata about the size of the

palm of the hand full of Pseudocuma cercaria, Gammarus locusta and
Gcdanus Jinmarcliicus. Mr. Dunn of Mevagissey states that he has known
of quantities of Thornback Rays captured in the winter that were glutted

with Horse-Mackerel, and he also states that this Skate " is very partial

to Herrings and Sand-eels."

Starry Ray. Rata radiata, Donovan.

A considerable number of Starry Rays were captured about 180 miles

north-east of Buchan N'ess on May 22nd, 1901, but the stomachs of most
of them were empty, and any food observed consisted entirely of

Crustaceans, which appeared to consist for the most part of young
Decapods and Macrurae, but they were not perfect enough to be identified.

Five Starry Rays captured 10 miles off Aberdeen on August 21st, 1901,

had all of them more or less food in their stomachs, and this, like that of

the Starry Rays previously noticed, consisted wholly of Crustacea ; these

fishes measured from 22 to 27| centimetres across the pectoral fins. The
food contained in the stomach of the smallest of these specimens Avas not

sufficiently perfect for identification ; the food in another was also a good

deal broken up, but the remains of a Hyas and Asfacilla were observed
;

other two stomachs contained Crangon cdlmanni and what looked like

the remains of Hyas, while the stomach of the other, which was the

largest of this sample of Starry Rays, contained Ehalia tuberosa, Portunus
^nisUlus, young Hyas coarctatus, and Crangon allmanni. A considerable

number of specimens of what appears to be a new species of Eadactylina

were obtained on the gills of these Starry Rays, and several specimens of

Callicotyle Aroyerii, a Trematode not previously recorded from Scottish

waters, occurred on the ventral surface of several of these Rays.

Eight specimens of Rata radiata captured in Aberdeen Bay on

November 29th and 30th were examined ; their sizes ranged from 5f to

11 f inches across the pectoral fins. The food found in their stomachs

consisted of various organisms, amongst which the remains of small fishes

were more or less frequent ; they included a small Cydopterus lumjms
and some small Clupeoids, Whitings, and Common Dabs ; a small Rossia

was found in one stomach, Crayigon vidgaris in six, and Schistomysis

ornatus in two or three. There did not appear to be any material differ-

ence between the food observed in the stomach of the larger from that of

the smaller specimens.

Sandy or Cuckoo Ray. Raia circular is, Couch.

In the stomachs of two specimens of Raia circidaris obtained in the

Fish Market, Aberdeen, on April 9th, 1901, the only food observed

consisted of the remains of a few Sand-eels. Fish remains constituted

the only food found in the stomachs of several other specimens received

from the same place on April 11th.

Five specimens captured in the Clyde on October 4th, 1901, and
measuring 12f, 13, 18, 18, and 19 centimetres across the pectoral fins,

were also examined. The stomach of one, 18 cm. in width, had nothing

in it that could be identified, but the others contained food which
consisted almost entirely of Crustacea and Annelids ; a few Foraminifera

were also observed.
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The names of the various forms obtained are given in the annexed

Table :—

Species Observed in Stomachs of Ilaia circtdaris.

Crustacea.
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Common Gurnard, the Cod, and to some extent also of the Haddock
they also formed a considerable proportion of the food of the Long Rough
Dab and the Common Dab. On the other hand fishes were seen to form
the most important part of the food of the Whiting, while Annelids

entered largely into the food of the Plaice, the Lemon Soles, and the

Witch Soles.

'

Although in the present paper the results stated above are generally

corroborated as regards the larger and adult fishes, it is shown that in the

food of young and immature fishes, and even of those which in the adult

stage live to a large extent on Annelids, the smaller Crustacea—Schizo-

pods, Amphipods, and Copepods—form a very important part. If, for

example, we compare the food of the Plaice, as given in the Tenth Annual
Report already referred to, with the observations on the food of immature
and small specimens contained in this paper, we find that, as recorded in

the Tenth Annual Report, 1931 Plaice were examined, 1392 of the

stomachs contained food which could be identified, and of this number
only about 9 per cent, contained Crustacea, while fully 54 per cent,

contained Annelids, and 45 per cent. Mollusca. In the present paper it

is shown that, in marked contrast to the above, the food of the two
hundred and twenty-six small specimens examined consisted almost

entirely of minute Crustacea, and that it was in the stomachs of ordy a

few of the larger of the specimens where Annelids were observed.

In a number of cases only a few stomachs have been examined, but it

is likely that further observations will be made on the species noticed

here as well as on others I have not yet had an opportunity to

examine.

In former papers on the food of fishes it has usually been the larger

organisms observed that have been recorded ; the conditions under which

these records were made were frequently unfavourable for the identifi-

cation of minute forms ; but in the preparation of the present paper these

smaller forms have been specially studied, and this has permitted me to

give a more detailed account of the food of the various fishes referred to.
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X.—ICHTHYOLOG ICA L NOTES.

By Dr. T. Wemyss Fulton, Scientific Superintendent.

The Anchovy {Engraulis encrasicholus, L.).

On 18th October two anchovies were taken in the small-meshed net

around the otter- trawl in Aberdeen Bay in 16 fathoms; they measured
130 and 144 mm. On the 28th November other three were taken in

the small-meshed net in 68 fathoms, nine miles south-east by ea&t of

Aberdeen; their length was 122, 127, and 130 mm. No specimens

were procured in any of the other hauls during the year, or in the

previous year. On 28th January 1902 a specimen was caught in a

herring-net, in fouiteen fathoms of water, oft' Buckhaven in the Firth

of Forth, and forwarded to me by Mr. James Robertson, fisherman,

who recognised it from the sketch of the outline of an anchovy which

accompanied a circular sent to the Fishery Officers around the coast

after the specimens at Aberdeen wei'e taken. It was the only speci-

men received.

The anchovy appears to be a rare visitor to Scottish waters. In the

winter of 1889-90, however, a number of specimens were captured at

various parts of the coast, both the East Coast and the West Coast ; the

largest sent to me at that time measvu'ed 5| inches (140 mm.).*
It is of interest to note in this connection that the anchovy fishing

on the Dutch coast (Zuiderzee) in 1889 was one of the smallest on
record (1600 ankers), while in 1890 it was the largest recorded (190,000

ankers), t Last year, I believe, the fishery was also exceptionally pro-

ductive. It is carried on in the spiing.

Couch's Whiting (Gadus jwutassoic, Risso),

In last year's Report I recorded specimens of this species from the

deep water ofi'the Shetlands. In January 1902, I received a specimen

from Mr. C. L. Barrett, which was caught in a net in the Fiith of

Forth, ofT Kincardine, on the 8th of that month. It was 214 mm.
(8^ inches) in length. It does not appear to have been previously

recorded from the Forth. X

The Norway Pout (Gadus esmarkii, Nilsson).

Numerous specimens of this species were lecorded in last year's

Report from the deep water oft' the Shetlands, oft' Aberdeen Bay, the

Moray Firth, and the Firth of Forth. Additional localities are the

deep water (85 fathoms) oflf Kinnaird Head where a number of speci-

mens were taken on 4th July, and Lunan Bay, near Montrose, where
three specimens, 143, 144, and 148 mm., Avere taken in 12| fathoms on
28th June.

The Silvery Pout {Gadus (Gadicidus) argenteus (Guich.) ).

Specimens of this species were i-ecorded in last year's Report from the

deep water oft' the Shetlands. On 21st August a .single specimen was
taken in the small-meshed net in 58 fathoms, about ten miles oft* Aber-

* Eighth Animal Report, Part Hi., p. 361.

t Vnslwj ran dm Staat dir X>derl. Zt'crtsfrheriieii, oni- 1900, p. 192.

:;: Cf. ParncU, Fishes of the Firth of Forth; W. Eagle Clarke, .4 »«. Scot. A'at. Hid,
January, October, 1900.
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deen. Day records a specimen found by Sim in 1885 on the beach

at Aberdeen after a storm. It doubtless had been carried from the

deep water a little off the shore ; but it must be rare, since numerous
hauls of the fine net have been made there and no other specimen

procured.

The Twaite Shad {Clupea Jinta, L.).

Three specimens of this species were obtained, one on 6th January,

1902, eight miles E.N.E. of Aberdeen, which measured 416 mm.; one

on 18th January in the Firth of Forth, wliich measured 372 mm.; and

the third on 8th January, three or four miles off Montrose, which

measured 230 mm.

The Red Mullet (MuUus surmuletus, L.).

On 16th December a specimen of this species was taken in the small-

meshed net in 57 fathoms, nine miles south-east from Aberdeen; it

measured 112 mm. Another was caught by a trawler eight miles south-

east from Girdleness—and therefore in the same locality—on 12th

December, and landed. A third specimen was caught by a trawler on

27th January, 50 miles E.S.E. from Noss Head, it measured 309 mm.,

and weighed 12^ ounces.

The Red Gurnard {Triyla ciicidtcs, L.).

In the course of the trawling work specimens of this species were

occasionally caught. A female, measuring 336 mm., and with ovaries

nearly ripe, was taken on 29th June, in eight fathoms, in Aberdeen

Bay; another, 268 mm. in length, on 16th December, in 57 fathoms,

nine miles south-east from Aberdeen ; one was caught in Burghead

Bay in 7-15 fathoms on 1st July, and other six in the same place on

2nd and 3rd August ; seven were taken on 8th November, in 23-24

fathoms, off Lybster, Caithness, and one in 26 fathoms in the same

locality on 18th January.

The Black Sea Bream (Cantharus lineafus (Montagu) ).

Two specimens were caught by trawlers, one on the 5th January, six

miles south-east from Tod Head, and the other on 8th January, seven

miles east from Girdleness. The lattei- specimen measured 414 mm. in

extreme length, 133 mm. in extreme height, and weighed 2 lbs. 4^ ozs.

The Great Silver Smelt {Argentina situs, Nilsson).

Specimens of this species from the deep water off the Shetlands were

described in last year's Report. Since then a number of specimens

have come into my possession from the same region, which were landed

at the market at Aberdeen. They are occasionally brought ashore by

trawlers, but fetch a poor price, a cwt. realising, for example, two

shillings and ninepence. Trawling skippers say they can be got at any

time in 100 fathoms, about 190 to 200 miles E.N.E. from Buchan Ness,

but that, commercially, they are not worth bringing ashore. They may
be got, I am informed, as far south as about 90 miles N.-E. ^ E. from

Buchan Ness. In referring to this species last year the fact was over-

looked that it was first described as British by Mr. E. W. L. Holt from a

specimen obtained in 74 fathoms about 75 miles true south of the Old
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Head of Kinsale.* Mr. W. L. Byrne, who drew my .ittontion to this

circumstance, informs me that the fisli sometimes finds it way to the

English markets.

The Opaii or King Fish {Lmnjyris lima, Gmel.).

A record of the specimens of this species landed at Aberdeen market
has been kept for me by Mr. James Robb, with a note of the place where
they were stated to have been caught. In June three specimens were
caught as follows:—80 miles N.N.W. from Hoy, Orkney, in 125 fathoms;

40 miles N.N.W. from Foula ; 67 miles N. from Noup Head. In July
ten were recorded from the following localities :—90 miles N. by W.
from Hoy ; 65 miles N. from Noup Head (three specimens) ; 60 miles

N. from Noup Head (two) ; 90 miles N.W. by W. from Hoy ; 45 miles

N. by E. from Foula (three specimens). In August one specimen was
recorded from 45 miles N. by E. from Foula ; and in September two
from 90 miles N.W. by N. from Hoy. They were all taken by line.

The Angel-Fish {Rhina squatina).

A male .specimen of this species was taken by a trawler lietween eight

and nine miles south-east of Buchan Ness, in January 1902. It

measiired 79-5 cm. and weighed 8 lbs. 1 oz.

MacriiTKS kevis, Lowe.

Six specimens of this species were captured by the steam-trawler

Aberdeenshire at St. Kilda, and landed some days later (3rd September).

Tliey measured from 296 to 420 mm., and were not in a very good state

of preservation. During the survey of the fishing grounds on the

West Coast of Ireland 25 specimens were taken, mostly about 26 to 40
miles off Achill Head, Co. Mayo.t

The White-beaked Dolphin {Delphinus [Lagenorhynchus)

albirostris).

It may be mentioned liere that a young specimen of this species was
captured in an otter-trawl at the mouth of Loch Inchard, on the West
Coast of Sutherlandshire, in about 40 fathoms, and landecl at Aberdeen.
It was alive when brought to deck. It was kindly identified by Pro-
fessor Sir William Turner, K.C.B., to whom it was sent, and who
described the species as Scottish some years ago.J Other Scottish

specimens are referred to by ]\Ir. Hugh Boyd Watt in a recent paper.§

*JouniM.n.A., v., 341.

t Holt and C'alderwood, &!. Tmns. Roy. Dxhlhi Soc. V. (Scr. II.), 473, 1895.

i Proc. Roy. Phys. Sac, Ediii., X. p. 14, 1891.

§ Ann. Scot. A\a. Hist., IX., 244, 1900.
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